ARCHIVES OF OPHTHALMOLOGY 


VoLUME 36 (old series Volume 93) _ AUGUST 1946 NuMBER - 


Corvaicur, 1946, BY THE AMERICAN Association: 


CHANGES IN LENS OF EMBRYO AFTER RUBELLA 
Microscopic Examination of Eight Week Old Embryo 


FREDERICK C. CORDES, M.D. 
AND 


AELETA BARBER, M.A. 
SAN FRANCISCO 


INCE the publication of Gregg’s* paper on congenital cataract fol- 

lowing rubella in the mother, the condition has been observed and 
reported a sufficient number of times to establish it as an entity. The 
histologic changes in the lens of an embryo after rubella have not been 
previously described in the literature. 

Up to the present time a total of 170 cases of rubella during preg- 
nancy have been reported, in 125 of which, or 73 per cent, congenital 
defects of the lens occurred in the child. In all these cases the mother 
contracted rubella during the first three months of pregnancy. In no 
instance in which an ocular defect occurred was the attack of rubella 
reported to have occurred after the third month. 

Recently, a single eye of an 8 week old embryo has been received 
at the Ophthalmic Laboratory of the University of California and it is 
felt that a histologic study of this specimen may shed light on the question 
of the initial action of the causative agent of rubella on the lens. 


DESCRIPTION OF SPECIMEN 


The specimen consisted of an embryonic eye recovered after a therapeutic curet- 
tage which ended a pregnancy of eight weeks. The clinical history reported that 
the patient was a 32 year old primipara. The fetus was in the left mentoposterior 
position on Feb. 13, 1945; the diagnosis of rubella was made on March 23, and 
curettage was done on April 14. The specimen was prepared by the pyroxylin 
method; serial sections were cut at a thickness of 6 microns and stained with 
hematoxylin and eosin. 

Microscopic examination revealed that the surface epithelium was absent (arte- 
fact) and the lids did not cover the eye. 

The optic cup was well formed, and the outer layer was fully pigmented. The 
outer and inner walls of the optic cup had become approximated, and the fetal 


This study was made possible by funds from the E. S. Heller donations. 

From the Ophthalmic Laboratory of the Division of Ophthalmology, Uni- 
versity of California Medical School. 

1, Gregg, N. M.: Congenital Cataract Following German Measles in Mother, 
Tr. Ophth. Soc. Australia 3:35-46, 1942. 
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fissure had closed. The hyaloid system was fully developed, and the hyaloid 
artery contained blood. The posterior portion of the retina had differentiated 
into two layers, the inner and outer neuroblastic layers, which were separated 
by the transient layer of Chievitz. Ganglion cells had migrated into the marginal 
zone, and their fibers had reached the optic stalk. 

Mesodermal tissue covered the anterior surface of the lens, but the anterior 
chamber had not formed. The anterior portion of the tunica vasculosa lentis 
was poorly defined, but the lateral and posterior portions. appeared normal. 

The subcapsular epithelium of the lens showed distortion and disorientation 


Fig. 1—Fetal eye, showing development of the retina and the posterior por- 
tion normal for a fetus 19 mm. in length and development of the lens and the 
anterior segment comparable to a fetus 17 mm. in length, with retardation of 
the lens. 


of the cells at the anterior pole. The primary fibers had elongated but did not 
completely fill the cavity of the lens vesicle. These fibers were swollen and 
stained poorly, appearing vacuolated at their anterior ends. The nuclei also stained 
unevenly. The lens capsule was difficult to trace. 

Since measurement of this embryo was impossible, the sections were compared 
with sections from normal embryos of 18 mm. (6 weeks) and 24 mm. (7 weeks), 
of which accurate measurements were obtained. The stage of development of 
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the posterior portion of this eye was approximately that of a 7 week old embryo, 
the lens showing retarded development, with vacuolation and early degeneration 
of the primary fibers at the anterior pole. 

Thus, the comparison revealed that the posterior portion of the eye, including 
the retina and the hyaloid system, were normally developed for an embryo of 
about 7 weeks, while, in the anterior portion, the lens and the anterior chamber 
were retarded. 

In the normal development of the eye the cavity of the lens vesicle is obliter- 
ated by the 16 mm. stage, or the sixth week (Mann?). Serial sections of this 


Fig. 2.—Anterior portion of the lens, showing failure of primary fibers to fill 
the cavity of the lens vesicle and vacuolation of primary fibers; x 500. 


specimen showed that a small remnant of this cavity still remained at the seventh 
to the eighth week. This fact, together with the distortion and vacuolation of 
the anterior ends of the primary fibers, would indicate that the action of the 
toxic agent had occurred approximately during the sixth week of embryonic life. 


This coincides with the clinical history of rubella during the sixth week of preg- 
nancy. 


2. Mann, I. C.: Development of the Human Eye, London, Cambridge Uni- 
versity Press, 1928, p. 55. 
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From the observations ‘it is apparent that there were definite retardation and 
interference with the development of the lens. 

A section of the specimen was sent to Dr. T. L. Terry, who reported as fol- 
lows: 

“The section of the embryonic eyes in the case of maternal rubella appeared 
normal per se. The lens vesicle, which was not completely obliterated, contained 
amorphous, acidophilic material. Although this section was perhaps not at the 
proper level to show the greatest thickness of the vesicle, the anteroposterior 
diameter measured 350 microns. This lens vesicle corresponded in stage of 
differentiation and in size to that in the 17 mm. stage, as verified both in the 
Minot Embryological Collection, at Harvard University, and in Mann’s “Develop- 
ment of the Human Eye.?” The stage of retinal differentiation and the over-all 
size of the eyes, on the other hand, corresponded to the condition in the 19 mm. 
stage. Needless to say, there is considerable difference in differentiation of the 
eye even in the 17 and the 19 mm. stage. 

From the comparative study, it is evident that the development of the crystal- 
line lens in this specimen did not keep pace with the differentiation of the eye as 
a whole, a point of importance to be evaluated again when more such specimens 
are available. 


COMMENT 


Swan * published a report of the pathologic changes in 3 infants 
who died of congenital defects due to rubella contracted by their mothers 
during the early stages of pregnancy. He found necrosis en masse of 
the nuclear portion of the lens. As he pointed out, whatever the 
pathologic process may be, it is evident that it had led to this necrosis 
en masse. He also found gross degenerative changes in and distortion 
and disorientation of the lens fibers formed subsequently from surviving 
cells in the equatorial region. This degeneration probably resulted 
from prolongation of action of the etiologic agent for some time after 
its initial attack on the lens. The distortion and disorientation could 
occur as the result of loss of normal tissue tension. That the effects of 
the pathologic process continue to be evident after the seventh to the 
eighth week was clear from the involvement of the secondary as well 
as primary fibers, since, as Mann? has pointed out, the secondary 
fibers are not formed until this period. 

While the placenta acts as a barrier to the passage of bacteria, 
Needham‘ has pointed out that the ultrafiltrable viruses can pass 
through the placenta into the fetal circulation in man. From the work 
of Shuman,’ Cohen and Scadron,® Canelli* and others, it is apparent 


3. Swan, C.: A Study of Three Infants Dying from Congenital Defects 
Following Maternal Rubella in the Early Stages of Pregnancy, J. Path. & Bact. 
56:289-295 (July) 1944. 

4. Needham, J.: Chemical Embryology, London, Cambridge University Press, 
1931, vol. 3, p. 1503. 

5. Shuman, H. H.: Varicella in the Newborn, Am. J. Dis. Child. 38:564- 
570 (Sept.) 1939. 


(Foctnotes continued on next page) 
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that the placental permeability varies a good deal. During the last two 
months of pregnancy placental transmission does not occur, a fact which 
accounts for the less pronounced effect of infection at that time. 

Reuss * expressed the opinion that intrauterine infection occurs 
through either the placenta or the amniotic fluid. The injury that the 
fetus suffers in cases of septic disease of the mother may be due 
primarily to toxic substances rather than to the transmission of bacteria 
from the maternal blood to the fetal circulation. The amniotic fluid 
may become infected by bacteria passing through the intact fetal mem- 
branes and therefore could easily become infected with a filtrable virus. 
Erickson ® mentioned that embryonic tissues are particularly susceptible 
to virus infection. 

It is conceivable that, in addition to transmission of the virus 
through the blood stream via the placenta, the embryo, especially the 
eyes, may also be affected through direct contact with the amniotic 
fluid. As Reese ?° has stated, the process which involves all but the 
outermost layers of the lens must have begun rather early in the life of 
the embryo. A review of the literature fails to reveal a single case of 
cataract formation in which the mother had rubella after the third 
month. 

The foregoing observations offer the basis of a possible explanation 
for the limitation of changes in the lens to those cases in which rubella 
occurs during the first three months of pregnancy. It also seems to 
account for the rapid decline in the number of cases during the third 
month. According to Mann,’ the anterior chamber appears about the 
18 mm. stage (sixth week), and the endothelium is well established by 
the 25 mm. stage (7 weeks). Descemet’s membrane is first recognized 
with certainty at the 76 mm. stage (twelfth week) ?* and Bowman’s 
membrane makes its appearance at the 103 mm. stage (fifteenth week) .** 
The lids cover the eye at the 37 mm. stage (ninth week).** At the time 


6. Cohen, P., and Scadron, S J.: The Placental Transmission of Protective 
Antibodies Against Whooping Cough, J. A. M. A. 121:656-662 (Feb. 27) 1943. 

7. Canelli, A. F.: Sur le comportement normal et pathologique de l’immunité 
antimorbilleuse chez le nourrisson jeune, Rev. frang. de pediat. 5:668-680 (Dec.) 
1929. 

8. Reuss, A. R.: Die Krankheiten des Neugeborenen, Berlin, Julius 
Springer, 1914, p. 533. 

9. Erickson, C. A.: Rubella Early in Pregnancy Causing Congenital Mal- 
formations of Eyes and Heart, J. Pediat. 25:281-283 (Oct.) 1944. 

10. Reese, A. B.: Congenital Cataract and Other Anomalies Following Ger- 
man Measles in the Mother, Am. J. Ophth. 27:483-487 (May) 1944. 

11. Mann,? p. 239. 

12. Mann,? p. 240. 

13. Mann,? p. 241. 

14. Mann,? p. 259. 
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at which the virus presumably acted on this specimen, the sixth week, 
the lids had not covered the eye, nor had Descemet’s or Bowman’s 
membrane been formed, so that rapid action of the toxic agent in the 
amniotic fluid on the anterior structures of the developing eye seems 
quite plausible. The protection afforded by the lids and by Descemet’s 
and Bowman’s membranes may form a sufficient barrier to protect the 
lens from initial damage after the third month and may explain the 
absence of changes in the lens due to rubella after the third month. 

The study of more such specimens is necessary before any con- 
clusions can be reached and before-the changes described here can be 
said to be typical. 

SUMMARY 


Microscopic examination of the eye of a 7 to 8 week embryo with 
a history of rubella during the sixth week of pregnancy revealed definite 
changes in the lens. 

The lens showed definite retardation of development and differentia- 
tion, while the posterior segment of the eye seemed normal. 

The absence of the protection of the lids and of Descemet’s and 
Bowman’s membranes during the first three months of pregnancy may 
permit the toxic agent in the amniotic fluid to act fairly directly on the 
lens during this time. 

The presence of these barriers after the third month may explain 
the absence of initial changes in the lens after that time. 

The study of more specimens is necessary in order to evaluate the 
changes reported here. 


NIGHT VISION 


1. A Comparison of the Scotopic Visual Ratings of Young Japanese and 
Caucasian Adults Living in Hawaii 


WILLIAM JOHN HOLMES, M.D. 
HONOLULU, TERRITORY OF HAWAII 


OR TWO years after the war began residents of the Territory of 

Hawaii lived under conditions of rigidly enforced nightly blackouts. 

The maintenance of vital public utilities, hospitals, docks, ship 
repair yards and scores of other essential activities, however, required 
that many employees continue their duties during the hours of blackout. 
It soon became evident that under conditions of absence of or greatly 
reduced artificial illumination some wofkers were less able to carry 
on their usual occupations than were others. ‘The preponderance of 
those who were so handicapped were of Japanese ancestry. 

In the capacity of chief of the Light Control Section of the Office of 
the Military Governor of the Territory of Hawaii and as a practicing 
ophthalmologist, I had numerous occasions to observe this “racial” 
trend of inferior scotopic seeing ability. In 1943 I reported this obser- 
vation to the Headquarters of the Army Air Forces, as I felt that if 
racial inequalities in night vision really existed they might have far 
reaching tactical implications. Through the courtesy and cooperation 
of the Air Surgeon, Major General David N. W. Grant, several instru- 
ments were obtained from the War Department, and a Night Vision 
Laboratory was established in Honolulu. 

The seeming urgency of time, the nonexistence of local technical 
library facilities, the lack of opportunity for scientific exchange of opin- 
ions, censorship regulations and other wartime restrictions, all impeded 
a comprehensive analysis and a full interpretation of the accumulated data. 

This study is submitted merely as an additional, though incomplete, 
contribution to the constantly growing literature on night vision, pre- 
senting the subject from the standpoint of comparative physiology. 

The object of this study was to investigate the respective visual 
abilities of two racial groups in regard to (1) photopic vision, expressed 
on the Snellen test chart; (2) scotopic vision, recorded on (a) the 
Hecht-Shlaer adaptometer,? (b) the S.A.M. Night Vision Tester,? 


1. Hecht, S., and Shlaer, S.: An Adaptometer for Measuring Human Dark 
Adaptation, J. Optic. Soc. America 28:269, 1936. 


(Footnotes continued on next page) 
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(¢) the Luckiesh-Moss Low Contrast Test Chart,* (d) the Bishop 
Harman Disc Spotting Device* and (e) the Ferree-Rand Projecto- 
chart * and (3) yellow and blue perception, estimated on the’ Ishihara 
color chart. 

PROCEDURE 


The subjects tested were unselected junior and senior high school students of 
both sexes, ranging from 17 to 19 years of age. The tests were conducted, by 
the same examiner, in two of Honolulu’s public high schools noted for the pre- 
ponderance of their Caucasian and Japanese enrolments, respectively. The 
cooperation of the students was secured by telling them the results of their 
individual examinations on completion of the tests. Dark adaptation was achieved 
by a preliminary waiting period of thirty minutes in a completely darkened room. 
During this time the students were told that they would be shown various figures 
and forms at low intensities of illumination. They were advised to view these 
forms out of the corners of their eyes rather than by looking at them directly. 

The actual tests were carried out binocularly, as follows: 

1. Measurements were taken df the thresholds of light and forms on the 
Hecht-Shlaer adaptometer. 

2. Determinations were made on the S.A.M. Night Vision Tester of the 
subject’s abilities to recognize the position of the break in a 2 degree Landolt C 
on the darkest, but still barely visible, background. The light source of this 
instrument consisted of a plaque of self-luminous paint, the brightness of which 
was reduced with a series of neutral filters. The illuminated field subtended a 
visual angle of approximately 3.5 degrees. The tests were carried out at a dis- 
tance of 14 inches (35.5 cm.) from the eyes. Four out of five correct answers 
were required before a final score was given. The brightnesses of the illumi- 
nated area with the various filters in position are shown in the following tabulation: 


Brightness of Background, 


Filter Log Micromicrolamberts 
4.3 
4.2 
4.0 
3.9 
3.7 
3.6 

3.4 


3. Quantitative measurements of contrast vision were recorded on a slightly 
modified form of Harman’s Disc Spotting Device. In this test the subjects were 
asked to identify the correct number of white round disks, which were arranged 


2. Rowland, W. M., and Campbell, P. A.: A Small Light Threshold Meter, 
A. A. F. School of Aviation Medicine, Research Report no. 2, Project no. 69, 
Randolph Field, Texas, Jan. 23, 1943. 

3. Luckiesh, M., and Moss, F. K.: The Ability to See Low Contrasts at 
Night, J. Aeronaut. Sc. 9:1, 1942. 

4. Harman, N. B.: Testing Night Vision, Brit. M. J. 1:636, 1941. 

5. Ferree, C. E., and Rand, G.: Visual Acuity at Low Illuminations: 
Apparatus and Results, Tr. Am. Ophth. Soc. 17:370, 1919. 
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in four corners of a black velvet square. The disks measured % inch (1.3 cm.) 
in diameter and were placed % inch (0.3 cm.) apart. 

4. Qualitative measurements of contrast vision were estimated on the Luckiesh- 
Moss Low Contrast Test Chart. This was done by asking the subjects to 
decipher dark digits on a white background, photometrically reduced to present 
successively less contrast with each other. According to Luckiesh and Moss, 


the per cent contrasts represented by the various lines on their chart were as 
follows: 


Line No. Per Cent Contrasts 
32.1 
30.2 

sabe 13.1 


Brightness contrast, in this test, is defined as the difference between the 
brightnesses (or reflection factors) of background and object, divided by the bright- 
ness (or reflection factor) of the background. The reflection factor of the back- 
ground has been calculated as approximately 80 per cent. 

The charts used for both the Harman and the Luckiesh-Moss tests were 
illuminated with a standard 6 watt, incandescent white light bulb, mounted in a 
12 by 12 inch (30 by 30 cm.) black box. The box was placed at a distance 
of 10 feet (3 meters) from the charts and emitted bundles of light rays through a 
circular, % inch (1.3 cm.) aperture. The voltage, from the main electric line, 
was reduced by means of a simple rheostat built within the box. 

If a subject was not able to see the chart used in either of these two tests, 
he was asked to approach it slowly. The distance at which he was first able to 
identify the test objects correctly was taken as the numerator, and the line 
read on the Luckiesh-Moss chart, or the distances, in meters, at which the four 


groups of circles were correctly counted on the Harman chart, was taken as the 
denominator. 


5. The minimum amount of light required for the recognition of the letters 
on the 10/200 line of the Ferree-Rand Projectochart was next ascertained. In 
this test, the light source was dimmed by placing a standard neutral filter in 
front of it and by closing the shutter of the instrument to the maximum. If 
a subject was unable to see the letters under these conditions, the shutter was 
gradually opened to the arbitrarily chosen positions of 0.25, 0.33, 0.50 and 0.75, 
until sufficient visibility was provided to enable him to recognize the letter E 
appearing in various positions on the screen. 

6 and-7. Monocular tests of visual acuity on the Snellen chart and an evalua- 
tion of yellow and blue perception on the Ishihara color plates, using daylight 
illumination, concluded the examinations. 

No measurements were made of the brightness levels at which tests 3, 4 and 5 
were conducted. The only available brightness meter ® in the Territory of Hawaii 


6. Model L-H, made by General Electric Company. 
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INSTRUMENT SUPERIOR SATISFACTORY UNSATISFACTORY 
Ae Night Caucasian: 18.44% Caucasian: 75.9% Caucasian: 5.53% 
7 Vision Tester Japanese: 4.61% Japanese: 66.81% Japanese: 28.57% 
Superior: 8-9 
Satisfactory: 5-6-7 
Unsatisfactory 0-4 
Heeht-Shleer Caucasian: 97.70% Caucasian: 1,84% Caucasian: 0.46% 
Adaptometer Japanese: 76.04% Japanese: 23.50% Japanese: 0.46% 
Light Threshold 
(log units) 
Superior: 1.5-2.9 


Satisfactory: 3.0-3.9 


Unsatisfactory: 4.06 
above 


ht-Shlaer Caucasian: 91.71% Caucasian: 5.99% Caucasian: 2 
Adaptometer Japanese: 62.21% Japanese: 29.49% Japanese: 8. 


Fore Threshold 


Superior: 2.5-3.9 
Satisfactory: 4.0-4.9 


Unsatisfactory: 5.0 and 
above 


Dise Spotting Test Caucasian: 62.67% Caucasian: 20.74% Caucasian: 16.59% 
rman Japanese: 27.64% Japanese: 33.16% Japanese: 39.17% 


Superior: Disks seen 
at distances of 9' to 
10' 


Satisfactory: 8" to 7° 


Unsatisfectory: 6° or 
less 


Ferree-Rand Projecto= Caveasian: 73.73% Caucasian: 18.43% Caucasian: 7.83% 
ae Colored with Japanese: 18.89% Japanese: 72.35% Japanese: 8.76% 
tr; 


Superior: Shutter 
Fully closed « 


Satisfactory: Shutter 
open to 0.25 mark 


Unsatisfactory: Shut- 
ter open to 0.3), 0.5 
and 0.75 marks 


Luckiesh-Moss Low Con- Caucasian: 36.25% Caucasian: 33.72% Caucasian: 29.05% 
trast Test Chart Japanese: 14.28% Japanese: 3.22% Japanese: 82.48% 


Superior: et 10' read 
lines 17 to 20 


Satisfactory: at 10° 
read lines 14 to 17 . 


Unsetisfectory: at 9' 
or less, read line 20 


Graphic representation of the comparative night vision abilities of 217 Caucasian 
and 217 Japanese subjects. 
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at the time these investigations were in progress was not sufficiently sensitive 
to register the amount of light reflected from the charts. Similarly, no readings 
were taken of the intensities of the light sources themselves, as the most sensi- 


TaBLE 1—Comparison of 217 Caucasian and 217 Japanese Subjects Regarding 
the Incidence of Myopia, Blue and Yellow Blindness and 
Photopic and Scotopic Vision 


Japanese Subjects Caucasian Subjects 
Tested Tested 
Number Percentage Number Percentage 
217 100 217 100 
Myopia or myopic astigmatism...... 61 28.11 11 5.07 
Blue and yellow perception 
(Ishihara plates) 
den 213 98.16 209 96.31 
Central, photopic vision taken with 
glasses, if such were worn (Snel- 
len’s rating) 
Right: 20/20 to 20/40....... 211 97.23 96.31 
Right: less than 20/40 2.79 3.69 
214 98.62 211 97.23 
A.M. Night Vision Tester 
Lightest filter 0 to 4.............. 62 28.57 12 5.53 
58 26.73 31 14.29 
60 27.64 61 28.11 
a 27 12.44 73 33.64 
awe pe 9 4.15 32 14.75 
Darkest filter RE ree 1 0.46 & 3.69 
Hecht-Shlaer adaptometer 
Light threshold (log units) 
oo 165 76.04 212 97.70 
51 23.50 4 1.84 
1 0.46 1 0.46 
Form threshold (log units).. 
135 62.21 199 91.71 
64 29.49 13 5.99 
18 8.29 5 2.30 
Harman Disk Spotting Test 
At distances of 10’ to 9’.......... 60 27.64 136 62.67 
72 33.18 45 20.74 
75 34.56 24 11.06 
OF 10 4.61 12 5.58 
Ferree-Rand Projectochart equipped 
with neutral filter 
With shutter fully closed......... 41 18.89 160 73 
With shutter open to 0.25 mark.. 167 72.35 40 18.43 
With shutter open to 0.33 mark.. 12 5.58 14 6.45 
With shutter open to 0.5 mark... 7 3.23 3 1.38 
Luckiesh-Moss Low Contrast Test Chart 
At 10 read lines 20 and 19........ 17 7.83 35 16.13 
At 10 read lines 18 and 17........ 14 6.45 48 22.12 
At 10 read lines 16 and 15........ 3 1.38 $1 14.29 
At 10 read lines 14 or less........ 4 1.84 40 18.48 
37 17.05 19 8.76 
46 21.20 18 8.30 
38 17.51 8 3.69 
29 18.36 9 4.15 


tive available light meter,?7 even at a distance of 1 foot (30 cm.) from the light 
source, failed to produce any perceptible excursion of the indicator needles. 
Slight, hour to hour or day to day variations in the current supplying the light 


7. Model 164, manifactured by Weston Electrical Instrument Corporation. 
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sources in these tests were also left with no accounting. However, the real point 
at issue was a comparative study of racial differences in scotopic visibility under 
identical conditions of low intensity illumination; for this reason, even though 
a knowledge of the exact brightness measurements at which the tests were carried 
out would have been desirable, it was not considered essential. 


HEREDITARY FACTORS 


The theory of racial differences in sensory acuity has been prom- 
ulgated in the literature from time to time. When such differences in 
ocular function are found, their scientific interpretation must take into 
account variations in the configuration of the human eye and its adnexa, 
differences in the dietary customs and habits of daily life and pathologic 
conditions affecting the eyes themselves. 

In 1905 Wolfflin® reported that dark-haired persons had faster 
adaptation and lower thresholds than blondes. In 1933 Helson and 
Guilford ® stated that Negroes attained much lower thresholds than 
white persons. These observations were contradicted by Matthey,?° 
who found no differences in the dark adaptation curves between sub- 
jects with light eyes and those with heavily pigmented eyes. 


MORPHOLOGIC FACTORS 


The average dimensions of the bony orbits of Caucasian and of 
Japanese subjects are cited from Martin *! and Adachi,’ as follows: 


Orbital Height: Measured vertically across the orbital hiatus, from the lower to the upper 
margin, at right angles to the breadth of the axis. 


Japanese Caucasian 
33 34 


Orbital Breadth: Measured transversely across the orbital auditus, from medial to lateral 
margin (mm.). 


Japanese Caucasian 
38 36 


Orbital Depth: Measured anteroposteriorly from the rim to the apex of the superior, 
inferior, medial and lateral walls (mm.). 


Japanese Caucasian 
49.2 46.4 
Inclination of the breadth of the axis of the orbit (inches): 
Japanese Caucasian 
11.9 13.9 
Breadth of palpebral fissure (mm.): 
Japanese Caucasian 
28.9 31.0 


8. Wolfflin, E.: Der Einfluses des Lebensalters auf den Lichtsinn. bei 
Dunkeladaptiertem, Arch. f. Ophth. 61:524, 1905. 

9. Helson, H., and Guilford, J. P.: The Relation of Visual Sensitivity to 
the Amount of Retinal Pigmentation, J. Gen. Psychol. 9:58, 1933. 

10. Matthey, G.: Eine Standardkurve der Dunkeladaptation fiir klinische 
Untersuchungen, Arch. f. Ophth. 61:524, 1905. 

11. Martin, R.: Lehrbuch der Anthropologie, Jena, Gustav Fischer, 1928, 
vols. 1 and 2. 

12. Adachi, B.: Die Orbita und die Hauptmasse des Schadels der Japaner, 
Ztschr. f. Morphol. u. Anthropol. 7:379, 1904. 
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MYOPIA 


Errors of refraction were noted in 84 subjects of the Japanese 
group and in 49 subjects of the Caucasian group. Of the 84 Japanese 
subjects who wore glasses, 61 had myopia or myopic astigmatism. Of 
the 49 Caucasian subjects wearing glasses, only 11 with myopia or 
myopic astigmatism were found. No refractions or examinations of the 
fundus were made on any of the students during the course of these 
investigations. Hence, an appraisal of their refractive status was 
based entirely on neutralization of the glasses which they were wearing. 

The foregoing observations indicate a greater frequency of myopia 
among Oriental than among Caucasian subjects. This observation is 
supported by Rasmussen,"* who reported an incidence of 53 per cent 
of myopia among Chinese students attending various mission schools 
throughout China. Whether a congenital predisposition toward the 
development of myopia actually exists among Orientals or whether 
the condition represents the end results of debility of nursing 
mothers, vitamin deficiency in infant foods or the excessive use of the 
eyes for near work under poor lighting conditions is not known. Jack- 
son ** pointed out that myopia often occurs in eyes that have been 
damaged from childhood by corneal inflammation or trauma, even though 
only one eye may have been affected. Thus, trachoma, with its 
sequelae, may well be a contributory cause in the development of myopia 
among those Oriental subjects who have been afflicted with the disease 
in their youth. According to Walker ** and Law,** calcium and para- 
thyroid deficiencies also play a part in the causation of myopia. Gen- 
erally speaking, myopia predominates in dolicocephalic persons and is 
found in persons with a slender type of body build; these characteristics 
are more common in the Japanese than in the Caucasian race. 

Rutherford *" stated that myopia in a given patient is the end result 
of a number of conditions working together and that the etiologic factors 
are not the same in all cases. 


13. Rasmussen, O. D.: Incidence of Myopia in China: Data and Theses 
from Periodical Investigations Covering Thirty Years’ Residence and Association 
with Refracting and Hospital Centers in a Score of the Larger Cities, Brit. J. 
Ophth. 20:350, 1936. 

14. Jackson, E.: Control of Myopia, Am. J. Ophth. 14:719, 1931. 


15. Walker, J. P. S.: Progressive Myopia: A Suggestion Explaining Its 
Causation and Treatment, Brit. J. Ophth. 16:483, 1932. 

16. Law, F. W.: Calcium and Parathyroid Therapy in Progressive Myopia, 
Tr. Ophth. Soc. U. Kingdom 54:281, 1934. 

17. Rutherford, C. W.: Myopia: Etiology and Treatment, Graduate Lecture 


delivered before the American Academy of Ophthalmology and Otolaryngology, 
1939. 


q 

4 

{ 

| 

| | 

| 


148 ARCHIVES OF OPHTHALMOLOGY 


Irrespective of the causes of myopia, it is generally agreed that 
thresholds for the recognition of objects at faint brightnesses are higher 
for myopic than for emmetropic and hyperopic eyes. It has been pos- 
tulated that stretching of the inner layers of the retina of the near- 
sighted eyeball is responsible for a deficiency in the normal functioning 
of the retinal rods. 

TRACHOMA 


The subjects investigated in this study were not examined with the 
slit lamp. However, routine examination with the slit lamp of thou- 
sands of patients in Hawaii over a period of many years revealed a 
surprisingly large incidence of incipient pannus formation among 
persons of Oriental ancestry. The blood vessels, which invaded the 
corneas in these patients, often extended as much as 2 mm. or more 
into the corneal stroma at the upper limbus. With a few exceptions, 
the condition was not associated with other clinical evidences of 
trachoma. Pannus formation was noted with such frequency among the 
Japanese residents of Hawaii that it was felt that the disease, in an 
attenuated form, is endemic among them. The early appearance of 
pannus in the course of trachoma has previously been emphasized by 
Wilson,?* von Horvath ?® and others. MacCallan,?° in 1938, reported 
an incidence of trachoma of 12 per cent among more than 1,000,000 
recruits in Japan. He stated, however, that the disease was chiefly of 
a light type. From the files of the Bureau of Communicable Diseases 
of the Territory of Hawaii for an eight year period, extending from 
1937 to 1944, Enright * found 331 cases of active trachoma. Of these, 
183 (54.7 per cent) occurred among the Japanese and only 14 (4.2 
per cent) among Caucasian subjects. In 1940 Hamman and I” 
reported that trachoma ranked third among the causes of blindness in 
Hawaii and that the disease took its heaviest toll from members of the 
Oriental population. 

The relationship between deficiencies of scotopic function and the 
aftermaths of a previous attack of trachoma is largely a matter of 
conjecture. However, it does not seem too far fetched to assume that 
eyes which at one time have been the seat of an inflammation which 


18. Wilson, R. P.: A Short Slit-Lamp Study on the Corneal Vessels in 
Egyptian Trachoma, Folia ophth. orient. 1:52, 1932. 

19. von Horvath, B.: Hornhaut bei Trachom, Klin. Monatsbl. f. Augenh. 
72:242, 1924. 

20. MacCallan, A. F.: The World-Wide Distribution of Trachoma, Brit. J. 
Ophth. 22:513, 1938. 

21. Enright, J.: Personal communication to the author. 

22. Holmes, W. J., and Hamman, G. C.: Causes of Blindness in Hawaii, 
Arch. Ophth. 25:643 (April) 1941. 
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resulted in corneal vascularization may, as a consequence, have suffered 
some disturbance in their metabolism, bringing about a decrease in their 
functional integrity. 

NUTRITIONAL FACTORS 


The importance of the nutritional state of the subject in relation to 
his ability to see in the dark cannot be sufficiently emphasized. In the 
present study it was both impractical and unfeasible to inquire into the 
dietary habits of each subject and to calculate his daily calory and 
vitamin intake. Fortunately, thorough and painstaking comparative 
studies, covering many years of observation of the dietary values of the 
various racial groups living in Hawaii, have been made by Miller ** 
and her associates. Their researches indicate that with slight modifica- 
tions the Japanese, along with most of the other racial groups, retained 
their own particular food habits in successive generations. In a study 
of the dietary and value of living of 44 Japanese families (252 persons) ** 


Tas_e 2.—Percentage Distribution of the Total Calories in the Diet Among 
the Various Food Groups (Potgieter) 


Mea 
Vegetables Milk, Milk Fats 
Cereals and Fruits Products andEggs Sweets 


59 13 4 ll 14 
Stiebeling’s * allowances for moderately 

active male 20-60 years of age........... 24 18 19 12 7 


* Stiebeling, H. K., and Ward, M. M.: Diets at Four Levels of Nutritive Content and Cost, 
Circular 296, United States Department of Agriculture, 1933, p. 58. 


in Hawaii, Miller ** called attention to deficiencies in the intakes of 
calcium and vitamins A and B in the diet. Potgieter,?* from a similar 
study, calculated the nutritive elements of an average Japanese diet 
in Hawaii. Her figures are cited in tables 2 and 3 side by side with 
statistics showing the average components of an American diet and 
a Japanese diet consumed in Japan. 

Inspection of the data given in table 3 shows a relatively low calcium 
and a relatively high phosphorus intake among the Japanese in Hawaii, 
producing a ratio of 1 part of calcium to 3 or 4 parts of phosphorus. 


23. Miller, C. D., and Masunaga, E.: A Study of the Diet of Japanese 
Sampan Fishermen While at Sea, Proc. Hawaiian Acad. Sc., Special Publication 
no. 30 of the Bernice P. Bishop Museum, 1935-1936, p. 8. 

24. It is realized that the number of families studied in this group is small. 
However, it is felt, from similar studies, that the data are sufficiently reliable 
and representative to warrant analysis and discussion. 

25. Miller, C. D.: A Study of the Dietary and Value of Living of Forty-Four 
Japanese Families in Hawaii, Univ. Hawaii Bull. 18:2 (Dec.) 1938. 

26. Potgieter, M.: Diet and Health in Rural Hawaii, unpublished report. 
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It is believed that this ratio is inadequate for the normal maintenance 
of body metabolism. This belief is substantiated by the high clinical 
incidence of dental caries and rickets among the Japanese school children 
living in .Hawaii. Sherman’s ** standards, which have been adopted 
by the Bureau of Home Economics, give a ratio of 1 part of calcium to 
less than 2 parts of phosphorus per adult male unit per day. 

In a recent report, Knapp ** emphasized the importance of a normal 
relationship of calcium and phosphorus in the diet with regard to night 
blindness. Of 93 patients with various degrees of myopia, he found 
64 who complained of poor vision under conditions of reduced illumi- 
nation. Forty-eight of the 64 patients noticed a distinct improvement 
with respect to their night blindness after several weeks of intensive 
therapy with vitamin D and calcium. Thus it would appear that the 
abnormal ratio of calcium and phosphorus in the Japanese diet might 
in some way alter the biochemical processes that regulate function of 
the rods and result in reduced scotopic visual efficiency. 


TaBLe 3.—Average Daily Dietary Essentials for an Adult Male (Potgiteter) 


Vitamins 
Pro- Cal- Phos- 
tein cium phorus Iron A B Cc 
Calories Gm. Gm. Gm. Gm. LU. a, U. Lv. 


Japanese in Hawaii........ 3,240 82 0.87 1.35 19 3,960. 270 2,340 
Stiebeling’s* allowances... 3,000 67 0.68 1.35 15 6,000 500 1,500 


* Stiebeling, H. K., and Ward, M. M.: Circular 296, United States Department of Agriculture, 
1933, p. 58. 


Further examination of table 3 reveals inadequate quantities of 
vitamins A and B in the average Japanese diet. The deficiency of 
vitamin A is partly accounted for by their low consumption of dairy 
products and green and yellow vegetables. In the absence of these 
sources, the main supply of vitamin A in the Japanese diet is derived 
from seaweeds and, to a lesser extent, from fish oils. Iseki ® analzyed 
twelve commercial samples of edible Japanese seaweed and found that 
vitamin A was present in considerable quantities in all of them, while 
thiamine (vitamin B,) and riboflavin were detected in lesser amounts. 


27. Sherman, H. C.: Chemistry of Food and Nutrition, ed. 5, New York, 
The Macmillan Company, 1937, p. 532. 

28. Knapp, A. A.: Night Blindness, Improvement with Vitamin D, Including 
Experimental Production of Retinitis Pigmentosa and Its Treatment in Humans 
with Vitamin D, U. S. Nav. M. Bull. 41:373, 1943. 

29. Iseki, K.: An Investigation of Twelve Commercial Samples of Kobu- 
Edible Japanese Seaweed for Iodine Content and Vitamins, Thesis, University 
of Hawaii, 1942. 
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Jamieson, Drummond and Coward *° stated that certain marine diatoms 
grown in sterilized sea water to which nutrient solutions were added 
were capable of synthesizing large quantities of vitamin A. They con- 
cluded that the available supply of vitamin A in fish liver oils originated 
from various forms of marine algae. It must, however, be kept in mind 
that seaweeds, as well as fish liver oils, are considered more or less a 
delicacy in Japan,*! and often their high cost and the problems of 
transportation to inland communities preclude their extensive use. 

In commenting on the importance of dairy products as sources of 
supply for vitamin A in the diet, the Lancet ** recently reviewed studies 
made by Nylund, in Finland. Nylund examined a group of students in 
1938 and another in 1940. Between these two dates dairy products had 
been rationed. Of the 1938 group, 79 per cent showed normal dark 
adaptation curves, 9 per cent were night blind and 12 per cent had 
borderline vision. Of the 1940 group, only 48 per cent had normal 
dark adaptation, 29 per cent were night blind and 23 per cent had 
borderline vision. 

Vitamin B deficiencies among the Japanese group were primarily 
ascribed to the widespread use of highly milled cereal products, such as 
white rice, eggless noodles and white bread. Kondo ** attributed the 
great frequency with which gastrointestinal disorders are met in Japan 
to the low intake of vitamin B by the mass of the people. Sugimoto,** 
in a recent report, urged the adoption of partly, instead of highly, milled 
rice as a means of improving the health of the people of Japan. 

Laboratory evidence of the relative inadequacies of an average 
Japanese diet, as compared with an average American diet, comes from 
an as yet unpublished experiment of Miller.** She found that rats 
weaned on a typical Japanese diet had fewer offspring, a shorter life 
span, higher mortality, slower growth and greater reduction in weight 
than a control group fed a typical American diet. 

Space here does not permit a review of the special role played by 
vitamins A and B in the physiology of night vision. Suffice it to state 


30. Jamieson, H. L.; Drummond, J. C., and Coward, K. H.: Synthesis of 
Vitamin A by a Marine Diatom Growing in Pure Culture, Biochem. J. 16:482, 
1922. 

31. Kofume, K.: Nutritional Condition of Farmers in Japan, Ryoshoku 
Kenkyu, 1937, no. 129, p. 19. Hara, T.: School Lunches and Nutritional Menus, 
205-207, 1936. Morimoto, K.: The Efficiency Standard of Living in Japan, 
Japanese Council of the Institute of Pacific Relations, 1931. 

32. Night Blindness, editorial, Lancet 2:807, 1941. 

33. Kondo, K.: The Health and Foods of the People, Ryoshoku Kenkyu, 
1936, no. 142, p. 2. 

34. Sugimoto, K.: Food Problems of the Crisis, Ryoshoku Kenkyu, 1938, 
no. 143, p. 32. 


35. Miller, C. D.: Personal communication to the author. 
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that Wald ** demonstrated that vitamin A enters into the constitution 
of visual purple. Hecht ** showed that both the cone and the rod 
thresholds were raised by deprivation of vitamin A ; rod vision, however, 
was affected more than cone vision. Heiman ** called attention to the 
presence of large amounts of riboflavin in the retina. He found that a 
reduction of riboflavin in the diet produced dimness in vision, especially 
under conditions of reduced illumination. He expressed the belief that 
riboflavin and carotene have similar characteristics and may be engaged 
in analogous functional processes. 


PSYCHOLOGIC FACTORS 


In addition to the physiologic mechanisms involved, the ultimate 
appraisal of a subject’s visual measurements must take into account his 
motivational patterns. This is particularly true in night vision testing, 
in which, as stated in a previous paper,*® the results of successive 
examinations are often inconsistent and may be influenced by scores 
of extrinsic and intrinsic factors affecting the individual or his environs. 

To illustrate: During the course of these examinations, an 18 year 
old Japanese youth fainted, without any obvious cause. When revived, 
he admitted that he had always been afraid of the dark and felt ill at 
ease when confined to dim, unilluminated quarters. As a further 
illustration, a few typical comments, quoted verbatim from the high 
school paper *° of one of the schools where the testing was done, are 
appended. “Boy, did I feel lost!” exclaimed George S. “It was so 
dark, I couldn’t even see the nurse. She certainly was pretty,” he added, 
winking. To make up for the darkness and monotony of waiting, 
Frances S. and her chums indulged in boisterous singing. “The whole 
affair meant a lot to me, because I know now that my chances for getting 
accepted as an aviation cadet are that much better,” declared Bill T. 
Said Georgia S.: “It would have been more fun if there had been some 
boys with us.” Said Ruth C.: “I sat there and squirmed during the 
thirty minutes our eyes were becoming accustomed to the darkness. 
Horrible things, like murders and mysterious disappearances, kept 
running through my mind.” 

These comments are cited only to show how a subject’s responses 
may vary, depending on his attention, enthusiasm, fears and worries, 
at the time of the examination. 


36. Wald, G.: Carotenoids of the Visual Cycle, J. Gen. Physiol. 19:351, 1935. 

37. Hecht, S.: Rods, Cones and the Chemical Basis of Vision, Physiol. Rev. 
17:239, 1937. 

38. Heiman, M.: Riboflavin, Arch. Ophth. 28:493 (Sept.) 1942. 

39. Holmes, W. J.: Night Vision, Arch. Ophth. 30:267 (Aug.) 1943. 

40. Blindness Test: Pretty Nurse Attracts Students, The Rough Rider (Roose- 
velt) High School, Honolulu, T. H.) 14:29, 1944. 
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SUMMARY AND CONCLUSIONS 


Two hundred and seventeen teen-aged high school students of 
Japanese ancestry and an equal number of students of Caucasian ances- 
try were subjected to identical tests of their day vision, night vision and 
yellow and blue perception. 

The day vision of the two groups tested on the Snellen chart showed 
no perceptible differences. It is noteworthy in this regard that less than 
4 per cent of the subjects in each group had visual acuity of less than 
20/40 which was not corrected with lenses. 

Glasses were worn by 38.7 per cent of the Japanese and by 22.58 
per cent of the Caucasian group. Myopia or myopic astigmatism 
predominated in the Japanese group, being found in 28.11 per cent of 
the total number while it was noted in only 5.07 per cent of the total 
Caucasian group. 

Blue and yellow perception was essentially normal in each group. 
Only 1.84 per cent of the Japanese and 3.69 per cent of the Caucasian 
group failed on the test for this function. 

The Japanese group as a whole did more poorly on every one of 
the tests for night vision than did the Caucasian group. 

With the S. A. M. Night Vision Tester, 28.57 per cent of the Jap- 
anese group frankly failed, 26.75 per cent barely passed and less than 
5 per cent had superior ratings. Of the Caucasian group, in the same 
test, only 5.53 per cent failed, 14.29 per cent barely passed and 18 per 
cent had superior ratings. 

With the Hecht-Shlaer adaptometer, 24 per cent of the Japanese 
group required 3.0 or more log units of illumination for their light 
thresholds and only 2.3 per cent of the Caucasian group fell into this 
category. On the same instrument measuring form threshold visibility, 
38 per cent of the Japanese group required 4.0 or more log units of 
illumination; among the Caucasian group only 8.3 per cent needed 
similar intensities in this test. 

The discrepancies found between the two races were especially con- 
spicuous in the Harman, Ferree-Rand and Luckiesh-Moss tests. It is 
worthy of note that all three of these tests call for a more or less 
accurate differentiation of the test objects, requiring some degree of 
cone vision. It is theoretically possible that in these tests the retinal 
areas which were under investigation corresponded with, or were sit- 
uated close to, those which normally function at twilight, dusk and 
dawn and contain both rods and cones. The Japanese as a group 
hesitated, asked for more light or walked closer to the test charts before 
they would risk an answer. 

No relation was noted between high acuities or photopic and scotopic 
vision. Subjects with excellent distant vision at high intensities of 
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illumination often failed on all the tests conducted at low levels of 
illumination. The reverse, however, did not hold true. Subjects with 
poor distant vision, especially those with myopic errors of refraction, 
even though they wore correcting lenses, in most instances were below 
par in their night visual efficiency. 

No direct relationship was found between yellow and blue blindness 
and night blindness. The lack of any correlation between these two 
functions is contrary to the observation of Riddell,*' who reported that 
night-blind subjects were often unable to name the yellow and blue plates 
in Schilling’s color book. 

The working hypothesis adopted to account for the differences in 

scotopic visual ability between the two groups was based on the follow- 
ing considerations: (a) hereditary factors, embryologic (?) and mor- 
phologic (?) differences between the two races; (b) greater frequency of 
myopia among the Japanese; (c) greater frequency of trachoma among 
the Japanese; (d) inadequate dietary intakes of vitamins A and B in 
the Japanese diet; (¢) inadequate amounts of calcium in the Japanese 
diet; (f) abnormal ratio of calcium and phosphorus in the Japanese 
diet. The vertical reading habit of the Japanese people has also been 
suggested as an additional factor responsible for their defective night 
vision. There is, however, no scientific evidence to substantiate this 
theory. 
An evaluation of the results of night vision testing should always be 
regarded with due consideration. It should be borne in mind that some 
of the tests are conducted at the bare thresholds of visibility and that a 
subject’s responses may be influenced by his intelligence, by learning 
and by a host of other variables. 


45 Young Building. 


41. Riddell, W. J. B.: Two Clinical Tests for Night Blindness, Tr. Ophth. 
Soc. U. Kingdom 60:181, 1940. 


DEPTH PERCEPTION AND FLYING ABILITY 


SQUADRON LEADER LEO S. S. KIRSCHBERG 
MEDICAL BRANCH, ROYAL CANADIAN AIR FORCE 


HE TERMS “ocular muscle balance” and “depth perception’ 

have been much abused during the past five years. They have 
become common terms, especially in the air forces of all nations, and 
have thereby presented a confused problem to many ophthalmologists 
who have been asked to examine young men desirous of becoming air 
force pilots. The terms “ocular muscle balance” and “depth perception” 
have been used synonymously by persons not fully informed, and the 
significance of the state of the ocular muscle balance in relation to 
depth perception and to flying ability has been a source of worry to 
medical officers of the air forces. The Royal Canadian Air Force 
during the past few years has tried to solve this problem; this paper 
presents a summary of some of the results of various studies which 
it has carried out. 

The study was made at a medical selection board of the Royal 
Canadian Air Force to determine (a) the value of a modification of 
the Verhoeff instrument for measuring acuity of stereopsis, (b) the 
correlation between readings on this instrument and visual acuity, (c) the 
correlation between determinations with this instrument and tests of 
fusion and ocular muscle balance, (d) the significance of measurements 
of depth perception in selection of personnel to be trained as pilots and 
(e) associated observations regarding visual acuity, orthophoria, fusion 
and pilot training. 

The literature both on depth perception per se and on the significance 
of depth perception in aviation is confused and beset with contradictions. 
As a prelude to the present study, a review was made of what has 
been written about depth perception. It is not the purpose of this 
paper to give a detailed report of this review, but reference must he 
made to some of the main points of discussion. 


A discussion on this paper was published in the March 1946 issue of the 
ARCHIVES, page 316. 

Report to the Subcommittee on Personnel Selection of the Associate Com- 
mittee on Aviation Medical Research, National Research Council, Canada, Dec. 
15, 1944, and read in part at the annual meeting of the Canadian Ophthalmological 
Society, Montreal, June 15, 1945. 
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SURVEY OF LITERATURE 
Convergence.—This function ranks high in the list of factors said to 
be of importance in depth perception. Peter' placed great stress on 
this function, stating, “Both [binocular and monocular] forms of vision 
are assisted by the same factors, the great efficiency of binocular vision 
being due largely to convergence,” and, later, “The most important factor 
in the estimation of depth . . . is that of convergence.” Despite such 
dogmatic statements as these, evidence has accumulated whereby one 
questions the significance of convergence. Walls* stated: ‘ 
According to Lindsay Johnson and Elliot Smith, no non-simian mam- 
mal can converge its eyes”; yet no one will deny that many four-legged 
animals apparently have excellent depth perception. Walls * summed up 
the significance of convergence in the following manner : 
For the estimation of distances in the visual field, convergence must be 
Minne: and it must be allowed to “play” or vary back and forth until it finds 
its dead center on the object, But the perception of solidity is literally lightning 


fast . . . [and] does not depend upon a play of convergence, for no time is 
allowed for that process. 


Duke-Elder * expressed a similar thought in slightly different fashion : 


To maintain that the influence either of the external or of the internal 
muscles is a predominant factor in the localization of depth is impossible, for 
objects which are illuminated for a period well within the latent period of muscular 
contraction are seen in relief. Thus [it was] found that depth could be appreciated 
with practically instantaneous flash illumination, which was estimated by Volk- 
mann to be of the order of 0,000,001 second . . . and the reaction time of 
muscle is much slower than this: 0.162 to 0.170 second. . . . It would thus 
appear that, in the appreciation of depth, the external musculature by its control 
of the ocular movements has little influence, and that the movements of accommo- 
dation and convergence play only a small part and form an extremely unreliable 
guide. 


Despite this dogmatic statement by so eminent an authority, at 
the outbreak of the present war practically every air force in the world 


did maintain just this, and the results of tests for ocular muscle balance 
were considered as important factors in the selection of candidates for 


pilot training. 


1. Peter, L. C.: Extra-Ocular Muscles, Philadelphia, Lea & Febiger, 1941, 
pp. 78-79. 

2. Walls, G. L.: Vertebrate Eye, Bloomfield Hills, Mich., Cranbrook Press, 
1942, p. 312. 

3. Walls,? p. 315. 

4. Duke-Elder, W. S.: Text-Book of Ophthalmology, London, Henry Kimp- 
ton, 1933, vol. 1, p. 1065. 
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Accommodation.—This factor no longer is considered as significant 
as it once was ; indeed, many authors (Adler,® Duke-Elder * and Walls *) 
have stated that accommodation is either relatively or entirely unim- 
portant. 

That the presence of orthophoria or of heterophoria has, respectively, 
a good or a bad effect on depth perception has been contended for a 
long time. This theory also is losing supporters as the evidence against 
it grows. Duke-Elder* stated: 

the theory advanced by many of the elder thinkers that stereoscopic vision 


was based on muscular movements, cannot be upheld . . . it depends on the 
stimulation of disparate retinal points. 


The work of Elliot * is extremely significant : 


The presence of orthophoria or of heterophoria did not affect the stereo- 
scopic vision as measured by the Rotating Depth Perception apparatus on 222 
airmen and the Rotating Stereogram on 146 airmen. 


In considering depth perception and flying ability, a fundamental 
concept on which the standards of ocular muscle balance of the Royal 
Air Force and the Royal Canadian Air Force have been based is that 
the presence of heterophoria exercises a detrimental effect on depth 
perception. Parsons,’ in quoting the Air Force standards, stated: 


It has now been proved beyond ‘argument that lack of true ocular muscle 
balance is the most common cause of error in judgment in bringing an aircraft 


to the landing ground. It has been shown that Exophorics . . . tend to flat- 
ten out their aircraft too early, having judged the ground to be nearer than it 
actually is; conversely, Esophorics . . . are inclined to fly into the ground. 


Elliot *° was not able to confirm this, for in a study of 175 ceased 
training student pilots with landing difficulty, whether the error was 
in leveling off too high or in flying into the ground was not related 
to the type of heterophoria (i. e., to either the exophoric or the esophoric 
tendency). Regarding the vergence of visual axes, Duke-Elder * 
commented : 

If prisms, base in, are placed in front of each eye, objects do not seem 


much farther away even although the visual axes diverge, nor with prisms base 
out do they appear very much nearer. 


5. Adler, F. H.: Clinical Physiology of the Eye, New York, The Macmillan 
Company, 1933, p. 236. 


6. Walls,? p. 313. 

7. Duke-Elder,* p. 1079. 

8. Elliot, A. J.: Report to the Director of Medical Services, R.C.A.F., Nov. 
2, 1942, p. 22. 

9. Parsons, J. J.: Diseases of the Eye, London, J. & A. Churchill, 1938, p. 674. 

10. Elliot,’ p. 21. 
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The difference between an examining room and man’s usual 
environment has been noted by Adler,''! who remarked : 

a person with one eye has very much less depth percepticn than an indi- 

vidual with normal binocular vision, at least when tested under such strict con- 

ditions [an ophthalmic examination room]. It is equally true that under natural 


conditions the one-eyed individual can judge depth of objects and speed of move- 
ment surprisingly well. 


Ballantyne ** also noted : 


It seems impossible to conceive of clinical or laboratory tests which could estimate 
the capacity of the pilot to meet such conditions as landing speed of the aircraft, 
nature of the landing ground, etc. 


Apparently, no official cognizance has been taken of the newer 
opinions, for the Consultant Oculist to the Royal Air Force, Air 
Commodore Livingston,’* in a recent discussion of visual problems 
in aerial warfare, did not show any great deviation from the Air Force 
views of the past. 

It is the aim of the present study to show that a reliable measure 
of depth perception has been obtained and to correlate this method 
of measurement with other ocular examinations, ultimately correlating 
all the ocular tests with the ability of aircrew trainees to learn to fly. 


METHODS 


Much of the following data was obtained from the examination of 
707 aircrew trainees, forming eight consecutive courses at an initial 
training schoo! of the Royal Canadian Air Force. Aircrew chosen 
for trades other than pilot or dropped from training for nonflying 
reasons were eliminated from the flying ability correlation study; the 
remainder were followed through both elementary and advanced flying 
training until they either won their wings or were dropped from 
training for flying reasons. Progress reports were received from the 
nine primary and eighteen advanced flying training schools training 
the student pilots in this project; of the original 707 trainees only 471 
actually received full pilot training and either received their wings or 
were dropped from training because of poor flying ability. The 236 
airmen eliminated from the final study did not receive pilot training 
because of selection for aircrew trades other than pilot, sickness or 
injury necessitating hospitalization and loss of time beyond the duration 
of this study, air sickness, failure in ground instruction or death. 


11. Adler,5 p. 235. 
12. Ballantyne, A. J.: Glasgow M. J. 133:73, 1940. 
13. Livingston, P. C.: Lancet 2:67, 1944. 
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An original instrument for measuring acuity of stereopsis was 
described in 1942 by Verhoeff.'* A model was constructed according 
to the prescribed measurements; it was found to have two drawbacks: 
First, it was too small, and, second, if held in the hand as directed, 
it was too unsteady. Accordingly, a modification of the original instru- 
ment was constructed of wood, three times the size of the original; the 
main differences between the Verhoeff and the R.C.A.F. instrument 
are: (a) The new unit is three times the size of the original, and the 
working distance is 3 meters; (b) the new unit is of solid wood con- 
struction and rests on a table, giving it more steadiness than a card- 
board unit held in the examiner’s hand; (c) Verhoeft’s instrument was 
advanced toward the subject until eight successive correct answers 
were obtained, and the score recorded depended on this distance, whereas 
the procedure in the present study stipulated that both the instrument 
and the subject remain stationary, thus eliminating such factors as 
motion parallax. The depth perception score was recorded as the 
number of correct answers out of a possible eight, inasmuch as eight 
different test panels were shown to the subject. 

The other ocular measurements familiar to ophthalmologists were 
made. Visual acuity was tested with the American Optical Company's 
Project-O-Chart ; the heterophorias were measured with the Maddox 
rod at 6 meters, and fusion was examined in two ways: (a) The 
desire for, or tendency to, fusion was tested with the Harman 
Diaphragm, and () the amplitude, or range of fusion, i. e., abduction 
plus adduction, was determined with the Worth Amblyoscope. The 
method of use of the various test instruments and the normalcy or 
otherwise of the results are recorded in the R.C.A.F. Service publica- 
tions.'® 

In appraisal of the depth perception instrument, 10 subjects were 
examined repeatedly to demonstrate the test-retest reliability of the 
measure, Similarly, a small group was tested repeatedly, both binocular 
and monocular tests being made, to demonstrate the difference between 
binocular and monocular impressions ; 248 binocular and 496 monocular 
determinations were made for this purpose. 

Through the excellent cooperation of the medical officers at the 
flying training schools, liaison was established with these units, and, 
although the student pilots were posted to all parts of ‘Canada, 
documentary evidence was obtained in the case of each trainee and 
details of his ultimate disposal were thus collected. Of the 504 airmen 


14. Verhoeff, F. H.: Simple Quantitative Test for Acuity and Reliability 
of Binocular Stereopsis, Arch. Ophth. 28:1000 (Dec.) 1942. 

15. Medical Examination and Selection of Aircrew Personnel, Canadian Air 
Publication 195, 1942, vol. 9, pt. 2. 
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tested with the depth perception instrument, data for 201 are not included 
in the flying ability correlation study, for reasons already stated; 
conclusions will, accordingly, be based on the data for 303 airmen. 
A larger group of airmen was obtained for the other ocular studies, 
e. g., determinations of visual acuity, heterophoria and fusion; reports 
concerning these tests will be made on 471 airmen. 


RESULTS 


DEPTH PERCEPTION 


The Instrument.—In reviewing the literature on stereopsis, it was 
noticed that in many cases in which depth perception instruments 
were used no figures were offered to show whether or not the instrument 
gave repeatable results; it was felt that retest reliability is an essential 


Tasie 1.—Test-Retest Reliability of the Depth Perception Instrument for Ten 
Subjects Tested Ten Times Each 


Case Scores on 10 Examinations Average Average Standard 

Number Score Deviation Deviation 
Be veccvececcces 5 6 7 7 5 7 7 7 7 7 6.5 +0.70 +0.81 
Bevccieessvvecs 7 6 6 6 6 6 5 6 6 7 6.1 +0.36 +0.54 
4 8 6 4.5 +0.50 +0.50 
Ge cwskanccecese 3 3 + 4 5 5 6 6 7 6 4.9 +1.12 1.30 
Piectevasdecces q 5 a 5 5 4 5 5 6 5 4.8 +0.48 +0.60 
Teteesededeures 4 3 6 4 4 5 4 6 5 4 4.5 +0.80 +0.92 
Gi ceccccesvoess 4 4 3 + 5 5 + 3 3 5 4.0 +0.60 +0.78 
Pisegescstevcns 3 3 4 3 3 4 3 3 4 4 3.4 +0.48 +0.49 
Wi -céccsvccoebs 2 3 4 4 3 3 4 4 4 3 3.4 +0.60 +0.66 


feature of any instrument used in studying depth perception. With 
this in mind, a reliability test for repeatability was made on 10 subjects 
to see how much the depth perception scores for each varied from 
time to time; each subject was tested ten times, at intervals spread 
over a period of seven weeks. The results are set forth in table 1, and 
an analysis of the data shows that the average score was 4.66 (out of 
a possible 8), the average deviation of a subject’s scores from his 
own mean score + 0.61 and the average standard deviation + 0.71. 
Another way of expressing these results is to say that when a subject 
completes one test (i. e., a series of eight judgments) there are 68 
chances in a hundred that the score obtained is within 0.71 point of 
the real score, such as would be determined by the average of an 
infinite number of tests; it also indicates that there is only 1 chance in 
a hundred that the results may be off by as much as 2.13 points. 
This study demonstrated that the instrument gave repeatable results 
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and that a subject’s depth perception could be assessed on the basis of a 
single test. It was decided arbitrarily to divide all airmen in the major 
study into three groups according to their depth perecption score: 
The men scoring 8, 7 or 6 on the instrument were said to have good 
depth perception, men scoring 5, 4 or 3 “average” depth perception 
and those scoring 2, 1 or 0 “poor” depth perception. The test-retest 
study showed this to be a safe method, and in this manner the 
instrument could be called a reliable measure. ; 

It having been shown that the instrument was a reliable measure, 
the next step was to show that it normally measured binocular depth 
perception and that the binocular performance was superior to the 
monocular performance. A group of subjects was tested repeatedly, 
both binocularly and with each eye separately; 248 binocular and 496 


TaBLeE 2.—Comparison of Readings on Depth Perception Instrument in 248 Bin- 
ocular Examinations and 496 Monocular Examinations 


Frequency 
“Binocular Monocular 
Score Determinations Determinations 
Di 33 159 
1 10 


monocular determinations were thus obtained. Table 2 illustrates 
the superiority of binocular performance (average score, 4.61) over 
monocular performance (average score, 2.63). To show that there 
were no reliable monocular clues presented to the subject, a theoretic 
“pure chance” curve was plotted. This curve was based on guess 
alone, illustrating this mathematical possibility and representing no 
depth perception; it is represented in the chart by the continuous line. 
In the same figure, the broken line represents the curve described by 
the actual scores made on monocular examination, i. e., the 496 monoc- 
ular determinations just referred to. The two curves are so similar 
that there is only one possible conclusion ; there were no depth percep- 
tion factors acting in the monocular determinations. From the data 
presented in table 2 and in the chart, it is reasonable to conclude that 
the depth perception instrument measures binocular depth perception. 
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Depth Perception and Visual Acuity.—In a group of 303 student 
pilots, a correlation was made between depth perception scores and 
visual acuity. The results recorded in table 3 show that with normal 
(20/20) vision in each eye the distribution curve was “normal,” i. e., 
there were equal numbers at each extreme, with the majority of subjects 


TABLE 3.—Visual Acuity and Depth Perception 


Depth Perception Score Group 
<A... 


Visual Acuity “Good Average Poor 


Theoretic pure chance curve (solid line) based on guess alone compared with 
the curve for monocular determinations on the depth perception instrument (broken 


line). 

in the group with average depth perception. With visual acuity in 
one eye less than 20/20 there were twice as many in the group with 
poor depth perception as in the group with good depth perception, 
while among the subjects with visual acuity of 20/30 or less in each 
eye there were five times as many with poor depth perception scores as 
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with good depth perception scores. Because of the rather small group 
with vision below 20/20 in each eye, a dogmatic conclusion cannot be 
drawn; there is none the less a strong indication that good visual 
acuity is an important factor in depth perception. 

Depth Perception and Fusion—Amplitude of fusion, measured 
with the Worth Amblyoscope, was compared with the performance on 
the depth perception instrument in a group of 504 aircrew trainees. 
The airmen were divided into four groups according to their amplitude 
of fusion, and from table 4 it is seen that the average depth perception 
score was essentially the same for all four groups, thus showing that 
amplitude of fusion and depth perception scores are independent cf 
each other; this lack of relationship is in keeping with the observations 
of Junker.’®. 

Harman ** described his instrument for measuring the ocular poise, 
or a subject’s desire for fusion, almost thirty-five years ago; it is used 


TABLE 4.—Amplitude of Fusion and Depth Perception 


Degrees of Fusion Number of Average Depth 

(Abduction + Adduction) Airmen Perception Score 


in the Air Force routine aircrew medical examination with the following 
standards of ocular poise scale reading: Zero to 3 is “normal”; 3 to 6 
is “borderline,” and above 6 is “cause for rejection.” These standards, 
as well as the details of using the instrument, differ somewhat from 
those originally outlined by Harman. That a relationship does exist 
between the amplitude of fusion as measured with the Worth Amblyo- 
scope and the desire for fusion as measured with the Harman Diaphragm 
is shown in table 5, from which it is seen that as the amplitude of 
fusion becomes less the Harman Diaphragm readings become higher, 
i. €., poorer. 

The depth perception instrument scores were compared with the 
test readings with the Harman Diaphragm in a group of 303 student 
pilots, but no dogmatic conclusion could be drawn from the data, as 
summarized in table 6. Among those with ocular poise scale readings 
beyond the strict limits of normal, there were twice as many in the 
group with poor stereopsis as in the group with good stereopsis; this 


16. Junker, H.: Arch. f. Ophth. 142:367, 1942. 
17. Harman, N. B.: Ophthalmoscope 8:495, 1910. 
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apparent relationship is not borne out, however, on examining the 
“ideal” Diaphragm test performers (airmen with readings at 0), for 
exactly equal numbers were in the group with good and the group with 
poor depth perception scores. It is felt that were there any decided 
relationship there would be a higher incidence of “ideal” Diaphragm test 
performers in the group with good depth perception. 


TABLE 5.—Amplitude of Fusion and Desire for Fusion 


Degrees of Fusion ; Desire for Fusion 
(Abduction + Adduction) Number of (Harman Diaphragm 
(Worth Amblyoscope) Airmen Readings) 
210 2.2 


Depth Perception and Heterophoria.—Aircrew medical examination 
in the Air Force includes testing the state of the ocular muscle balance 
with the Maddox rod, and the standards as laid down for pilots are 
as follows: Esophoria to 41%4A, exophoria to 344A or hyperphoria to 
114A is considered within the “normal” range, esophoria of 44% to 6A, 
exophoria of 3% to 5A or hyperphoria of 1% to 24 is called “border- 
line,” and deviations beyond these limits are listed as “cause for rejection.” 
In the series of 303 student pilots, it was found that the 60 airmen in 


TaBLe 6.—Depth Perception Scores and Harman Diaphragm Readings 


Ocular Poise Readings in Harman Diaphragm Test 
Depth A 


Perception “a Over 3 0-3 0 Total 
Groups Number Per Cent Number PerCent Number PerCent Number Per Cent 
I acccctnce 6 10.0 44 73.4 10 16.6 60 100.0 
Average........' 31 12.0 122 69.6 32 18.4 175 100.0 
ee 13. 19.1 45 66.1 10 14.8 68 100.0 


the group with good depth perception scores had an average deviation 
from orthophoria of 0.96A, the 175 airmen in the group with average 
depth perception scores an average deviation of 1.24 A and the 68 trainees 
in the group with poor depth perception an average deviation of 1.16A. 
The Maddox rod test is a rather gross measure, and studies carried 
out elsewhere in the Royal Canadian Air Force by Minnes, Crawford 
and Shagass '* showed that the margin of error in the Maddox rod test 


18. Minnes, J. F.; Crawford, J. S., and Shagass, C.: Report to Sub-Committee 
on Personnel Selection, Ottawa, Canada, National Research Council of Canada, 
Nov. 23, 1943. 
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in order to obtain 90 per cent agreement between two examiners was 2A. 
In view of the results of these authors, it is apparent that the difference 
between an average heterophoria of 0.96A and one of 1.16A is negligible. 
It follows that there was no relationship between depth perception scores 
and heterophoria as measured with the Maddox rod in the series of 
303 student pilots. Moreover, of the same group of 303 airmen, 98 were 
orthophoric ; of the 98 with orthophoria, 24 had good stereoptic scores, 
56 average scores and 18 poor scores. Were there any striking rela- 
tionship between orthophoria and depth perception, one would expect to 
find the majority of subjects with orthophoria in the group with good 
stereopsis and few, if any, in the group with poor stereopsis, a condition 
not found in this series. 

Depth Perception and Flying Ability—Inasmuch as the ultimate 
decision in pilot training rests with the ability or inability of the trainee 
to win his wings, reports were collected on 303 airmen followed from 
preflight or initial training through flying training. From table 7 it is 
seen that of the 60 airmen with good depth perception scores 35 won 


Taste 7.—Depth Perception and Flying Performance 


Obtained Wings Ceased Training Total 
Depth Perception A ~ — — 
Score Groups Number Per Cent Number Per Cent Number Per Cent 
35 58.3 25 41.7 60 100.0 
98 56.0 77 44.0 175 100.0 
Di Aavctunvaiettcao<sgabousenwseca 42 61.8 26 38.2 68 100.0 


their wings and 25 were dropped from training for poor flying ability, 
while in the comparable group of 68 trainees with poor scores, 42 won 
their wings and 26 were dropped from training. This shows a complete 
lack of relationship between depth perception scores and flying ability, 
for 58.3 per cent of the airmen with good depth perception obtained 
their wings but a slightly higher percentage (61.8) of the group with 
poor depth perception also became air force pilots. Similarly, poor 
depth perception is not related to flying failure, for a higher percentage 
(41.7) of airmen with good stereopsis were dropped from training for 
poor flying ability than the saibiahinass (38.2) of trainees with poor 
depth perception scores. 

From these results, it is logical to conclude that because the incidence 
of successful pilot training and that of failure in training are so similar 
in both the group with good and the group with poor depth perception 
scores the measurement of binocular stereopsis bears no relationship to 
flying performance in a training program such as the British Common- 
wealth Air Training Plan. 
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VISUAL ACUITY AND FLYING ABILITY 


It has already been shown that, even though it could not be definitely 
proved, there is a strong indication that good visual acuity is an impor- 
tant factor in depth perception. Visual acuity was compared with 
flying performance in a series of 471 student pilots. Data summarized 
in table 8 show that airmen with 20/20 vision in each eye had a much 
better prognosis for ability to fly than was the case of airmen with 
limited visual acuity, for the ratio of success to failure changed from 
59.2: 40.8, in the group with normal vision, to 50: 50, in the group with 
“one eye less than normal’ and there was a complete reversal of ratio 
(37.2: 62.8) in the group with limited vision in both eyes. A limitation 
of this study is that trainees with really poor vision, e. g., in the neigh- 
borhood of 20/60, could not be studied, for at the time that this thesis 
was undertaken very few airmen with visual acuity of less than 20/40 


TaBLe Acuity and Flying Performance 


Obtained Wings Ceased Training Total 
Visual Acuity Number Per Cent Number Per Cent Number Per Cent 
221 59.2 152 40.8 373 100.9 
Less than 20/20 in one eye.......... 49 50.0 49 50.0 98 100.0 
20/30 or less in both eyes............ 16 37.2 27 62.8 43 100.0 


were being trained as pilots. In an attempt to give aircrew trainees 
every possible aid, the Royal Canadian Air Force issued to student 
pilots with defective vision flying goggles incorporating corrective lenses, 
as determined by cycloplegic refraction. However, because of mechanical 
or engineering difficulties inherent in the goggles, as well as a strong 
prejudice among aircrew against aircrew trainees wearing corrective 
goggles, the vast majority of student pilots did not wear their correction. 
Indeed, in the series under study only 2 airmen wore corrective goggles ; 
1 had unaided vision of 20/30 and 20/40, and the other, of 20/60 and 
20/50; with correction, they had vision of 20/20 + in each eye. Both 
trainees successfully flew primary type aircraft but were dropped from 
training at the advanced flying training stage, being unable to master 
faster service aircraft. Despite the aforementioned limitations, the study 
definitely shows that limited visual acuity lowers the chances of a 
trainee’s becoming an Air Force pilot. 


FUSION (HARMAN DIAPHRAGM TEST ) AND FLYING ABILITY 


Whereas the results for the correlation of depth perception scores 
with Harman Diaphragm readings were somewhat equivocal, there is 
no doubt as to the lack of significance of Harman Diaphragm readings 
for flying performance. From table 9 it is seen that with all types of 
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Harman Diaphragm performances, i. e., in any ocular poise scale read- 
ing group, the incidence of successful and of unsuccessful student pilots 
was almost the same. In this series of 471 student pilots the Harman 
Diaphragm test was not of any prognostic value in estimating the ability 
or inability to learn to fly. 


TasLe 9.—Harman Diaphragm Test and Flying Performance 


Obtained Wings Ceased Training 
Harman Diaphragm Test 


Ocular Poise Scale Reading Number Per Cent Number Per Cent 
6 and over (cause for rejection)............scseseeees 3 1.1 3 15 


OCULAR MUSCLE BALANCE AND FLYING ABILITY 


It has already been shown that no striking relationship between 
orthophoria and superior depth perception could be demonstrated; in 
comparing orthophoria with flying performance, of 270 trainees who 
won their wings 35.9 per cent were orthophoric, and of 201 trainees who 
were dropped from training for poor flying ability 33.3 per cent were 
orthophoric ; these percentages are so similar that surely the presence of 
orthophoria is of no significance whatever in actual flying performance. 


TABLE 10.—Ocuwlar Muscle Balance and Flying Performance 


Obtained Wings Ceased Training 


State of Ocular Muscle Balance Number Per Cent Number Per Cent 
Maddox rod: orthophoria . 
Maddox rod: orthophoria 


Maddox rod: esophoria to 44%/; exophoria to 3%/ or 
hyperphoria to 14/A 
99 56.6 70 54.7 


Maddox rod: esophoria over 44%/\; exophoria over 3%/, 
or hyperphoria over 14/ 


It is a practice in the Royal Canadian Air Force to consider various 
ocular muscle balance tests together, and with this in mind the results 
for the Harman Diaphragm test and for the Maddox rod test were 
considered together and the data summarized in table 10. Were there 
any striking relationship between the state of the ocular muscle balance 
as measured in a medical examining room and the ability to learn to 
fly, one would expect to find a high incidence of “obtained wings” among 
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the men with orthophoria and a low incidence among the men with 
heterophoria. By the same token, one might expect to find a high 
incidence of “ceased training’ among the heterophoric trainees and a 
low incidence among the orthophoric trainees. This is decidedly not 
the case. In table 10, there is no essential difference between the per- 
centage of success and that of failure in any of the four groups (except 
perhaps in the first, or “ideal,” group, which is actually too small to 
permit any definite conclusion). In this series of 303 airmen, there was 


‘Taste 11.—Analysis of Records of 3,684 Student Pilots 


Total number of student pilots sent to flying schools....................... 3,684 
Student pilots ceased training at flying schools.............. 974 airmen, or 26.4% 
Student pilots at flying schools with ocular muscle balance beyond strict 
Student pilots with ocular muscle balance beyond strict ‘‘normal’’ limits 
dropped from training at flying schools.................... 2l airmen, or 26.9% 


no significant relationship between the results in the ophthalmic exami- 
nation room and the actual performance in aircraft. 

It has already been stated in this report that, because of existing 
ocular muscle balance standards prerequisite to pilot training, few men 
with muscle imbalance of a more severe degree were permitted to be 
trained as pilots. In an effort to obtain a larger series of cases of muscle 


TABLE 12.—Analysis of Records of 78 Student Pilots with Ocular Muscle 
Balance Beyond Normal 


Number of student pilots at flying schools with ocular muscle balance 


Student pilots with ocular muscle balance beyond strict —— limits 

dropped from training at flying schools...................-. airmen, or 26.9% 
Number of student pilots at fiying schools with ‘popderiine™= ocular 


: Student pilots in this category who were dropped from training 
17 airmen, or 39.6% 
ae of student pilots at flying schools with “‘abnormal’’ ocular muscle 
Student pil pilots in this category who were dropped from — 
4airmen,or 11.4% 


* Examples of “borderline” ocular muscle balance: heterophoria of 5A, Harman Diaphragm 
test reading at 5, convergence or accommodation beyond the average for the airmen’s age. 

+ Examples of “‘abnormal’’ ocular muscle balance: heterophoria beyond 6A, neglect, Harman 
Diaphragm test reading beyond 6 or cover test with no recovery. 

These examples result from present R.C. A. F. standard.*® 


imbalance, the records of 5,603 trainees were reviewed, of whom 3,684 
received pilot training. Of this large number, 78 had ocular muscle 
balance readings beyond the strict limits of “normal” as laid down 
for the Royal Canadian Air Force. From table 11 it is seen that the 
rate of “dropped from training” for poor flying ability was essentially the 
same for the 78 trainees with muscle imbalance (26.9 per cent) as for 
the whole series of 3,684 trainees (26.4 per cent). Further analysis of 
the data for the 78 airmen, as represented in table 12, shows that of 
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35 student pilots with definitely abnormal ocular muscle balance, e. g., 
neglect, exophoria greater than 6A, ocular poise readings beyond 6 in 
the Harman Diaphragm test or no recovery in the cover test, 31 became 
Air Force pilots, and only 4 (11.4 per cent) could not ‘learn to fly. 
These results serve as strong corroborative evidence to support the 
conclusion reached in the present project, i. e., that there was no signifi- 
cant relationship between the readings in the ophthalmic examination 
room as regards the state of the ocular muscle balance and the actual 
performance in aircraft. 


SUMMARY AND CONCLUSIONS 

A test-retest reliability study made with a modification of the 
Verhoeff instrument for measurement of stereopsis showed that the 
instrument gave a reliable indication of the subject’s depth perception 
and that in a single test a subject’s binocular depth perception could 
be categorized as “good,” “average” or “poor.” It was unlikely that 
a subject might jump from one category to another, as the average 
deviation was + 0.61 and the average standard deviation + 0.71. 

It was shown that the instrument was a measure of binocular depth 
perception and that there were no successful monocular clues active in 
the situation as presented to the subject; it was also demonstrated 


that monocular performance on the instrument was the same as guess 
or pure chance. 


In a series of 303 student pilots there was a strong indication that 
good visual acuity is an important factor in depth perception. 


In a series of 504 aircrew trainees it was shown that amplitude of 
fusion and depth perception scores were independent of each other. 

In a series of 504 airmen it was shown that there was a relationship 
between the performance on the instrument used to measure amplitude of 
fusion (Worth Amblyoscope) and the instrument used to determine 
desire for fusion (Harman Diaphragm). 


In a series of 303 student pilots it was not possible to demonstrate 


any definite relationship between desire for fusion and depth perception 
scores. 


In a series of 303 student pilots there was no relationship between 
depth perception scores and heterophoria as measured with the Maddox 
rod. Moreover, in a series of 98 trainees with orthophoria it was not 
possible to demonstrate any relationship between orthophoria and 
superior depth perception. 


In a series of 303 student pilots there was a complete lack of relation- 
ship between depth perception and flying ability, as shown by successful 
graduation or by failure in the pilot’s course of the British Common- 
wealth Air Training Plan. 
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In a series of 471 student pilots it was shown that an airman with 
20/20 vision in each eye had a much better prognosis for ability to 
learn to fly than had the airman with less acute sight. 

In the same series of 471 airmen desire for fusion as measured with 
the Harman Diaphragm test was of no prognostic value in estimating 
the ability to learn to fly. 

In the series of 471 airmen it was also demonstrated that the finding 
of orthophoria on examination with the Maddox rod had no bearing on 
flying ability. 

In a series of 303 airmen the results of the Harman Diaphragm and 
Maddox rod tests were considered together, and it was found that no 
significant relationship existed between the readings in the ophthalmic 
examining room and the actual performance in aircraft. 

In reviewing the records of 3,684 student pilots and those of a group 
that included 78 trainees with readings for ocular muscle balance beyond 
the strict limits of “normal” according to air force standards, it was found 
that the rates of failure in training were almost identical in the two 
groups. Moreover, a subgroup of 35 airmen with definite muscular 
imbalance had a much lower rate of failure in training, thus showing 
that with the present limits or standards there is no correlation between 


the ophthalmic readings and the ability of the student pilot to win his 
wings. 


CLINICAL ASPECTS OF STEREOPSIS 


SQUADRON LEADER CLEMENT McCULLOCH 
AND 


SECTION OFFICER MARGARET CRUSH 
ROYAL CANADIAN AIR FORCE 


HE present work was undertaken in an attempt to throw further 

light on the subject of depth perception as it is related to aviation. 
A considerable amount has been written on the theoretic and laboratory 
aspects of this subject, but articles giving clinical analyses of cases 
have been few. An interesting series of cases was published by Howard 
in 1919.1 That author described in detail the apparatus he used for 
the testing of depth perception and then presented a series of cases with 
a careful analysis and discussion of the results. It is felt that further 
clinical surveys are indicated in an effort to extend knowledge of the 
significance which can be attached to results obtained from tests of 
depth perception. This paper, therefore, presents a series of cases and 
tries to interpret the results of tests for depth perception in the light of 
other tests used and of certain clinical experiments which will be 
described. 

A test for acuity of stereopsis was used in this study as the measure 
of accuracy of depth perception. This test is somewhat different from 
those usually employed and will be described in detail. Also, it was 
found necessary to devise a test for the quantitative estimation of the 
degree of suppression. The latter test will be described in detail. 

As the work progressed, it divided itself into three parts. The first 
part consisted in a study of 246 clinical cases in which acuity of stereopsis 
was tested. The results obtained from these cases indicated that impor- 
tant relationships existed between refractive errors and_ stereoptic 
acuity. Therefore the second part of the study was undertaken, which 
consisted in the testing of trained subjects for acuity of stereopsis in 
whom various refractive errors had been induced with lenses placed 
before the eyes. Finally, to illuminate further the observations on 
the original series and to show the variable factors present in the test 
for stereopsis, the third part of the study was carried out. This con- 
sisted in testing trained subjects in order to determine the variations in 
acuity of stereopsis caused by changing the size and separation of the 
test objects employed. 


1. Howard, H. J.: A Test for the Judgment of Distance, Am. J. Ophth. 
2:656-675, 1919. 


2. Footnote deleted by author. 
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APPARATUS AND METHODS 


The apparatus and methods employed were essentially the same for all 
parts of the investigation and may be described now. 


1. Acuity of stereopsis was tested with the synoptophore (Clement Clarke). 
A series of 6 slides was designed so as to allow a quantitative estimation of 
acuity of stereopsis. Each slide presented two round black dots, which were 
seen against the white, ground-glass screen of the instrument. The working 
distance of the instrument was approximately 15.6 cm., and the dots were made 
so as to appear horizontally separated by 25, 26, 26%, 27, 27% and 28 minutes 
of arc and to have a diameter of 3 minutes each. The slide having a separation 
of 25 minutes was employed as a standard before one eye, while one of the 
other slides was used before the other eye. The slides used for comparison, 
then, represented increases of separation of 1, 1%, 2, 2% and 3 minutes. Since 
visual acuity readings with the Snellen chart are based on an angle of 1 minute, 
it was decided, for the sake of convenience, to convert levels of stereoptic acuity 
into figures similar to readings for visual acuity, namely, stereoptic acuities of 
20/20, 20/30, 20/40, 20/50 and 20/60. 

The slides used in the third part of the work, to determine effect of size 
and separation of the dots on acuity of stereopsis, formed 5 series of 6 slides 
each. They were similar to the slides already described and can be summarized 
in the following tabulation : 

Diameter of Dots, Min. Separation of Dots 


Slides to Test Effect of Size 
3 50 minutes as standard 
6 50 minutes as standard 
9 minutes as standard 
Slides to Test Effect of Separation 
dua 3 50 minutes as standard 
3 75 minutes as standard 


All levels of stereoptic acuity for these 5 series of slides were converted to 
readings of 20/20, 20/30, 20/40, 20/50 and 20/60, as described in a previous 
paragraph. 

The slides were made by photographing drawings, at the proper reduction 
in size, and reproducing positive prints on clear film. The same technics of 
photography, development and printing were used for each slide. When the 
slides were made, measurement of the dots indicated that the basic angle was 
approximately 57, instead of 60, seconds. This error was ignored. 

With all these series of slides, the test consisted in finding the best stereoptic 
acuity which the subject could attain. The standard slide and one with a 
chosen separation of the dots were presented, one before each eye. The subject 
was given fifteen seconds and then was asked to tell which dot appeared the 
nearer. He was instructed to guess, if he did not know, giving “right” and “left” 
as his only answers. The procedure was then repeated, 5 random choices being 
given. In assessment of his score, 5 correct answers out of 5 choices constituted 
a pass, and 3 out of 5, a failure. If 4 correct answers out of 5 choices were given, 
the choices went on to 10 and 9 correct answers out of 10 choices was a pass and 
8 or less correct answers a failure. Testing was continued using slides of 
different separations until the highest level of stereoptic acuity for which a 
pass could be attained had been found. 

If, however, the subject’s stereopsis was too poor to be assessed by the dot 
test, a pair of slides which gave the impression of depth from a small eccentric 
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circle inside a larger circle was used. Successful appreciation of depth using 
this target was recorded as “circles,” and failure, as “nil.” 


2. Suppression was tested by means of the synoptophore. The two slides used 
were made by photographing, reducing and printing a Snellen chart on clear 
film. The Snellen chart was reduced so that the letters subtended the same angle 
in the synoptophore that they did in the chart at 20 feet (6 meters). A letter 
was missing from each of the lines in one slide, and a different letter, from each 
of the lines in the other slide. The two reduced Snellen charts were presented, 
one before each eye. The subject was asked to read the fused charts, and if 
any of the letters which were present before one eye only were not seen this 
was noted. Suppression was graded as the largest letter which was not seen 
and was charted as 20/20, 20/30, 20/40, 20/60, 20/80 and 20/120, corresponding 
to the size of that letter. 


3. Other examinations included manifest refraction, followed by refraction 
with homatropine cycloplegia; external examination of the eyes; examination 
of the fundus; the cover test and Maddox rod readings for near and distant 
vision; tests for objective convergence, with a small light used as object, and 
accommodation. Additional examinations were used as seemed indicated in par- 
ticular cases. Visual acuity was tested both with the American Optical Company 
Project-O-Chart at 20 feet and with the synoptophore. 


RESULTS 


I. CLINICAL STUDY 


This part of the work consisted in the study of a series of 246 
patients who were seen in consultation in the Royal Canadian Air Force. 
They were first tested for acuity of stereopsis and suppression and then 
were given an ophthalmic examination. The results are presented in 
the form of a graph. 

The graph shows the visual acuity of the poorer eye, as tested with 
the synoptophore, charted against acuity of stereopsis. The subjects 
are represented by crosses, except for those who showed certain visual 
peculiarities and who are represented by the various characters employed 
in the graph. All the cases crowd into the lower right half of the graph, 
a roughly diagonal boundary separating them from the upper left corner. 
From this appearance it can be concluded that visual acuity is a limiting 
factor in stereopsis and that it is impossible for a person with poor 
visual acuity to have good acuity of stereopsis. Table 1 shows the 
result when the cases represented by the symbols are removed. 

It is now seen that the cases lie mainly along a line running from 
the lower left to the upper right corner of the table. This suggests 
that when certain ocular conditions were not present stereoptic acuity 
varied as visual acuity. 

Those visual factors which are represented by the symbols, and 
which apparently affected stereopsis without changing the visual acuity, 
are learning, suppression, hypermetropia, anisometropia and cylinder 
errors at crossed axes. 
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The patients for whom learning was a factor were those who showed 
poor stereoptic acuity on the first test. On a subsequent day they were 
given one-half to two hours of practice with various stereoptic slides. 
On being retested after the practice period, they showed better stereoptic 


TaBLe 1—Visual Acuity of the Poorer Eye, as Tested on the Synoptophore, 
Versus Acuity of Stereopsis 


Acuity of Stereopsis * 


Visual Acuity 20/20 20/30 20/40 20/50 20/60 “Circles”  ‘‘Nil" 
rae 2 6 8 7 3 1 1 
2 20 9 2 1 
65 30 6 2 
20/21 20/26 20/31 20/38 20/41 20/70 


* In this table, and in subsequent tables, “circles’’ and “‘nil’’ indicate success or failure to 
appreciate depth in the eccentric circle test. 


29/120 
20/80 
20/60 yaw = 
ck «x 
20/40] ** xxx $33 
x A 

20/30) ** $s Au 333 

MEKKXK 

ss 

20/20 20/30 20/40 20/50 20/60 CIRCLES NIL 


ACVITY OF STEREOPSIS 


Visual acuity of the poorer eye, as determined on the synoptophore, versus 
acuity of stereopsis. 

In this graph, X indicates uncomplicated cases; L, learning cases; H, hyper- 
metropia; A, anisometropia; S, suppression, and C, crossed cylinders. 


acuity. Of 37 subjects who showed no cause for decreased stereoptic 
acuity, we attempted to teach 19. With 2 of these the result was a 
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failure. The other 17 patients improved partially or completely to a’ 
stereoptic acuity of 20/20. After some experience, it was found possible 
to predict the cases in which “learning” would be a factor. The patients 
for whom it was significant were characterized by the slowness of their 
responses at the time of testing. However, with practice they gradually 
began to appreciate depth and became as rapid and as accurate in their 
judgments as the best subjects. The 2 subjects who did not learn 
readily gave answers which were, however, consistently wrong. Their 
inability to improve seemed to be due to lack of interest or to inferior 
intelligence. The ocular examination did not reveal any other cause for 
their failure to learn. 

The cases of “suppression” are collected in the lower right corner 
of the graph except for the 2 in the 20/20, 20/20 square. In these 
2 cases the amount of suppression was 20/30. In none of the other 
cases in which acuity of stereopsis was commensurate with visual acuity 


did suppression occur. The amount of suppression is charted against 
the acuity of stereopsis in table 2. 


TaBLeE 2.—Suppression Versus Acuity of Stereopsis 


Acuity of Stereopsis 


Amount of 

Suppression 20/20 20/30 20/40 20/50 20/60 Circles Nil 
ar 2 2 1 


It can be seen that the higher degrees of suppression are accompanied 
with greater lowering of stereoptic acuity. Apparently, a quantitative 
relationship between the amount of suppression and the loss of stereoptic 
acuity does exist. 

The symbol for hypermetropia in the graph is used for all subjects 
with hypermetropia of more than + 2.50 D. spherical equivalent as 
determined with homatropine refraction. In this graph, the degree of 
hypermetropia shows no obvious relationship to acuity of stereopsis. 
However, several of the patients having high degrees of hypermetropia 
associated with lowered accommodation complained of difficulty in 
maintaining clear fixation on the small dots in the target. It was there- 
fore decided to designate with a special symbol all subjects having 
hypermetropia of over + 2.50 D. in either eye. 

A special symbol has been used for all patients having over 0.75 D. 
of hypermetropic anisometropia, as calculated from the spherical equiva- 
lents, and for 1 patient having over 0.75 D. of hypermetropic cylinder 
error at axes crossed more than 45 degrees. In part 2 it will be shown 
that skilled observers can overcome large refractive errors of these 
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types. To the unskilled observer these errors probably have a significant 
influence on stereopsis. 

Anisometropia for all subjects was calculated from the spherical 
equivalents and is charted against acuity of stereopsis in table 3. No 


TaBLe 3.—Hypermetropic Anisometropia Versus Acuity of Stereopsis 


H tro: 


ypermetropic 
Anisometropia, D. 


20/20 


Acuity of Stereopsis 
20/30 20/40 


come: 


20/50 


Comte: co: 


20/60 “Circles” “Nil” 
1 oe 
1 1 ee 
oe 8 
oe 1 
ee 3 ee 
3 6 1 
4 4 1 
3 10 3 
3 10 1 


relationship is evident. The 


subjects were too few to permit our making 


a separate table for cylinder errors at crossed axes. 

Tables 4, 5 and 6, in which age, accommodation and convergence 
are compared with acuity of stereopsis, and tables 7 and 8, in which 
Maddox rod readings for near and distant vision are compared with 


TaBLeE 4.—Age l’ersus Acuity of Stereopsis 


Acuity of Stereopsis 
20/30 20/40 


20/50 


te: 


20/60 Circles Nil 
2 4 on 

2 
3 1 1 
3 7 oe 
6 9 1 
2 21 4 
1 5 “ 


Taste 5.—Near Point of Accommodation Versus Acuity of Stereopsis 


Near Point of 
Accommodation, 
Mm. 


20/20 


Ss 


hand 
ne 


Acuity of Stereopsis 


20/30 20/40 
2 
3 1 
3 2 
2 3 
7 oe 

14 5 
6 5 

13 
5 3 
1 oe 


: 


20/60 Circles Nil 
2 1 
2 
1 2 
1 oe 
oe 6 
1 5 1 
5 7 1 
3 4 3 
1 6 2 
be 2 


acuity of stereopsis, show no apparent correlations. 


Charting of results 


from using the cover test for near and distant vision against acuity of 
stereopsis also shows no correlations. 


|| 
4 
5 
17 
| 17 
Age, Years 20/20 
2 1 
5 2 1 
9 8 3 
ll 10 4 
18 13 8 
21 28 ll 
6 2 1 
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During the testing of stereopsis the subjects were given completely 
random choices. Therefore, the chances of either the right or the left 


TasL_eE 6—Near Point of Convergence Versus Acuity of Stereopsis 


Acuity of Stereopsis 
Near Point of 


Convergence, Mm. 20/20 20/30 20/40 20/50 20/60 Circles Nil 


5 7 es 4 ee 

Woevareccocseseeccees 10 10 4 3 3 6 2 

15 10 2 4 3 ll 1 

13 14 6 os 2 4 1 
Wr eccccccccccveseves 9 6 8 4 1 12 1 
See 6 7 2 2 3 1 
3 2 3 ee 1 1 1 
WD 2 2 1 1 1 1 oe 
2 1 oe 3 oe 
1 3 1 


TaBLE 7.—Amounts of Heterophoria for Near Vision, as Measured with 
the Maddox Rod, Versus Acuity of Stereopsis 


Acuity of Stereopsis 
Heterophorias, D. 20/20 20/30 20/40 20/50 20/60 Circles Nil 


Esophoria 6 a 1 ab 1 1 
5. 2 3 1 ms 
3 3 2 2 oe 
2 4 2 4 ee 1 2 ° 
1 4 3 es 1 ee 

Orthophoria 8 3 ders 2 3 2 1 
1 7 4 3 ee ee 4 es 
2 8 4 1 1 1 2 
Bux 3 3 oe 2 ee 3 
= 7 7 3 ae 1 6 oe 
5.. 2 7 2 2 2 1 oe 
6.. 4d 7 5 1 4 5 es 
= 2 3 2 1 1 3 1 
9 1 2 os 1 oe 
10. 2 2 
ll 1 1 oe 

Exophoria 12 1 1 


TaBLe 8.—Amounts of Heterophoria, as Determined with the Maddox Rod, 
Versus Acuity of Stereopsis 


Acuity of Stereopsis 
Heterophorias, D. 20/20 20/30 20/40 20/50 20/60 Circles Nil 
Esophoria 7.......... 


6.. 1 1 ee we 2 

4.. 1 1 2 oe 1 oe 1 

= 3 1 1 +“ os 5 oe 

useced 13 6 2 1 1 5 oe 

ll 6 4 4 2 6 os 

Orthophoria......... prt 26 7 5 6 13 1 
6 3 1 2 ee 

1 4 3 as 
1 1 1 1 oe 
Dikieekesee 2 1 1 1 se oe 

- Exophoria 56.......... 1 


dot appearing nearer were approximately equal. Despite this, some 
subjects had a differential tendency to choose the dot on one side as 
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closer than that on the other side. The right dot was usually chosen, 
although occasionally it was the left. No cause was found for this. 


II. EFFECTS OF INDUCED REFRACTIVE ERRORS ON 
STEREOPTIC ACUITY 


Method.—The second part of this work is a study of the effect of induced 
refractive errors on acuity of stereopsis in trained subjects. On their first visit, 
subjects in this group were tested for acuity of stereopsis while wearing their 
emmetropic correction obtained by manifest refraction. On subsequent days they 
returned for one hour’s testing each day, at which time, with various lenses added 
to the manifest refraction, the acuity of -vision and the acuity of stereopsis were 
retested. 

During the testing it was found difficult to control variations in relaxation 
of accommodation. This was revealed by moment to moment changes in visual 
acuity while the subject was wearing plus lenses. To reduce this variable as 
much as possible, only subjects with a spherical error of less than + 1.00 D. 
and subjects who showed little tendency to variations in visual acuity were 


TaBLe 9—Visual Acuity Versus Acuity of Stereopsis in Subjects with 
Induced Myopia in Both Eyes 


Acuity of Stereopsis 


Visual Acuity 20/20 20/30 20/40 20/50 20/60 Circles 
5 2 3 2 
8 23 1 
20/30 20/46 20/56 20/71 20/76 


accepted. While testing was in progress, visual acuity was repeatedly checked 
to make sure that no major variations in accommodation were occurring. 

The lenses used may be listed as follows: (1) plus spheres in front of 
both eyes, inducing myopia in both eyes; (2) a plus sphere in front of one eye, 
inducing myopia in one eye and accompanying anisometropia; (3) plus cylinders 
at axes 90 and 180 in front of each eye, inducing simple myopic astigmatism at 
axes 90 and 180 in both eyes; (4) a minus sphere in front of one eye, inducing 
hypermetropic anisometropia without loss of visual acuity; (5) minus cylinders 
at axes 90 and 180 in front of each eye, inducing simple hypermetropic astigmatism 
at axes 90 and 180 in both eyes, and (6) minus cylinders at axis 90 in front of 
one eye and at axis 180 in front of the other eye, inducing simple hypermetropic 
astigmatism at crossed axes. 


Observations —The effects of these various lenses will now be 
described, in the order given. 


Table 9 shows the reduction of visual acuity due to myopia in both 
eyes charted against acuity of stereopsis. It can be seen that the two 
variables show a correlation. This table appears similar to table 1 and 
confirms the observation that when the visual peculiarities mentioned 
in part I are eliminated acuity of stereopsis shows a direct relation 
to visual acuity. 
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In table 10 visual acuity with myopia induced in one eye is charted 
against acuity of stereopsis. The same analysis applies as in table 9. 
It is also noted that the average visual acuities for the various levels of 
stereopsis are about the same in tables 9 and 10. If the acuity of 
stereopsis depended on the average visual acuity of the two eyes, the 
averages in table 10 would be about one-half those in table 9. That they 


Tas_e 10.—Visual Acuity Versus Acuity of Stereopsis in Subjects with 
Induced Myopia in One Eye 


Acuity of Stereopsis 


Visual Acuity 20/20 20/30 20/40 20/50 20/60 Circles 
| 1 3 5 2 2 
6 13 3 2 1 
5 3 ae 
tis 20/29 20/41 20/47 20/61 


Tas_e 11.—Cylinder Error Versus Acuity of Stereopsis for Subjects with 
Induced Simple Myopic Astigmatism, Minus Cylinder Error at Axis 90 


Acuity of Stereopsis 
Cylinder Error, D. 20/20 20/30 20/40 20/50 20/60 Circles 


oe ee 2 
1 1 4 3 
ee 1 3 2 6 7 
7 4 2 2 3 
8 6 2 3 oe ee 
4 7 1 ee 
9 1 ee 


TaBLeE 12.—Cylinder Error Versus Acuity of Stereopsis for Subjects with 
Induced Simple Myopic Astigmatism, Minus Cylinder Error at Axis 180 


Acuity of Stereopsis 
Cylinder Error, D. 20/20 20/30 20/40 20/50 20/60 Circles 


oe 2 1 
2.50......0008 5 2 3 3 2 
2.00... 6 4 4 1 3 ee 
Se 10 4 3 1 
ll 6 2 
9 1 ee 


are similar indicates that the acuity of stereopsis depends on the visual 
acuity in the poorer eye. 

Table 11 shows simple myopic astigmatism, minus cylinder at axis 90 
in both eyes, charted against acuity of stereopsis. Table 12 shows simple 
myopic astigmatism, minus cylinder at axis 180 in both eyes, charted 
against acuity of stereopsis. It can be seen that increase of myopic 
cylinder error at axis 90 is accompanied with decrease in stereoptic 
acuity. However, when the minus cylinder error was at axis 180, the 
acuity of stereopsis was maintained well as high as — 2.50 D. 
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The subjects themselves offered the explanation for this observation. 
When the cylinder inducing myopic astigmatism was at axis 90, they 
noted that the upper and lower margins of the dots appeared sharp 
and the lateral margins appeared blurred. On the other hand, when the 
myopic cylinder error was at axis 180, the lateral margins of the dots 
appeared clear, and the upper and lower margins were blurred. There- 
fore, in the first position the subjects could not see accurately the sepa- 
rations of the dots. On the other hand, when the cylinder error was 


TaBLe 13.—Induced Hypermetropic Anisometropia Versus Acuity of Stereopsis 


Acuity of Stereopsis 
Anisometropia, D. 20/20 20/30 20/40 20/50 20/60 Circles 


4.00... 020004 oe ee 2 
ve ee ee 8 1 
es 1 3 4 
ee 1 2 2 3 1 
2.00...0000e6 1 2 2 2 2 3 
1.50...+ec006 2 6 1 2 1 
5 5 2 1 oe 
9 4 ee 


at axis 180, the lateral margins appeared sharp, and good stereoptic 
acuity, despite a high refractive error, was possible. 

Table 13 shows hypermetropic anisometropia charted against acuity 
of stereopsis. The distribution of the readings shows that stereoptic 
acuity decreases with increase of hypermetropic anisometropia but that 
it is possible for certain subjects to maintain good stereopsis despite 


TaBLe 14.—Cylinder Strength Versus Acuity of Stereopsis for Subjects with 
Induced Simple Hypermetropic Astigmatism, Cylinder Error at Axis 90 


os Acuity of Stereopsis 
Strength, D. 20/20 20/30 20/40 20/50 20/60 Circles 


> to 


1 


mom: 


high induced anisometropia. Apparently, in fifteen seconds a practiced 
subject can gain sufficient visual information by means of varying his 
accommodation to obtain good stereopsis. As the anisometropia is 
increased, this becomes more and more difficult, and stereoptic acuity 
finally falls off. : 

Tables 14, 15 and 16 show hypermetropic cylinder errors at axis 90 
in both eyes, at axis 180 in both eyes and at axis 90 in one eye and at 
axis 180 in the other respectively, charted against acuity of stereopsis. 


| 
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All three tables show that with increased cylinder error, acuity of 
stereopsis falls off, the greatest decrease being with cylinders at crossed 
axes and less with cylinders at axis 90 and at axis 180. However, a 
noticeable feature of all three tables is the degree to which good stereopsis 
can be maintained despite high refractive error. The same interpretation 
might be put on this as in the situation of anisometropia—certain sub- 


TaB_e 15.—Cylinder Strength Versus Acuity of Stercopsis for Subjects with 
Induced Simple Hypermetropic Astigmatism, Cylinder Error at Axis 180 


Acuity of Stereopsis 
Cylinder 
Strength, D. 20/20 20/30 20/40 20/50 20/60 Circles 


1 ee 2 


Omran 
eo 
to 
~ 


. 
oe 


TABLE 16.—Cylinder Strength Versus Acuity of Stereopsis in Subjects with 
Simple Hypermetropic Astigmatism Induced with Cylinder at Axes Crossed 


Acuity of Stereopsis 
Cylinder Strength, D. 20/20 20/30 20/40 20/50 20/60 Circles 


3 1 ee 
SBB..2..000- 4 2 oe 1 1 
2.0... 2 1 1 4 4 
A ee 1 8 2 4 2 3 
6 4 4 
O.BD.....0000 1 9 1 1 
15 1 oe 


Taste 17.—Visual Acuity Versus Acuity of Stereopsis for Subject with 
Induced Simple Hypermetropia Astigmatism, Cylinder Error at Axis 90 


Acuity of Stereopsis 


Visual Acuity 20/20 20/30 20/40 20/50 20/60 Circles 
20/80. ee ee 3 
ee ee 1 4 1 4 
oe 4 14 1 1 2 
1 10 5 2 ee 


jects can vary their accommodation sufficiently in fifteen seconds to 
maintain good stereoptic acuity. 

Such an assumption seems confirmed when visual acuity is charted 
against acuity of stereopsis for induced hypermetropic cylinder errors, 
as shown in tables 17 and 18. The “scatter” in tables 14 and 15 is now 
-eliminated, and a direct relationship of visual acuity to acuity of stere- 
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opsis becomes apparent. Therefore, in the case of hypermetropic 
cylinder error the ability to attain good stereoptic acuity accompanies 
the ability to attain good visual acuity. 


TABLE 18.—Visual Acuity Versus Acuity of Stereopsis for Subject with Induced 
Hypermetropic Astigmatism, Cylinder Error at Axis 180 


Acuity of Stereopsis 


Visual Acuity 20/20 20/30 20/40 20/50 20/60 Circles 
2 1 5 1 
2 18 6 ee ee ee 


Ill. EFFECT OF CHANGING SIZE AND SEPARATION 
OF DOTS IN TARGET 
The third part of this work is a study of the effect of varying the sizes 
and the separations of the dots in the targets. The procedures were similar 


Taste 19.—Visual Acuity Versus Acuity of Stereopsis for Subjects with 
Induced Myopia in Both Eyes, Tested with Medium Separation of Dots 


Acuity of Stereopsis 


Visual Acuity 20/20 20/30 20/40 20/50 20/60 Circles 
ee 2 4 1 5 4 
2 5 1 1 4 ee 
3 1 4 . 1 2 
6 3 4 ee 1 ee 
3 8 on 1 as 
20 2 1 os 1 
+s 20/52 20/70 20/77 20/36 


TasLeE 20.—Visual Acuity Versus Acuity of Stereopsis for Subjects with 
Induced Myopia in Both Eyes Tested with Wide Separation of Dots 


Acuity of Stereopsis 


Visual Acuity 20/20 20/30 20/40 20/50 20/60 Circles 
6 
rn 1 2 1 3 8 
1 2 2 3 2 2 
2 5 1 3 as 3 
3 3 3 3 2 ; 
20 3 1 PP 1 
20/44 20/68 20/66 20/77 


to the methods described in part II. The stereoptic acuity for the various sizes 
and separations of the dots was tested at different levels of visual acuity by inducing 
myopia in both eyes. A summary of the various slides used has previously been 
given. 


Observations —Tables 19 and 20 show visual acuity charted against 
acuity of stereopsis for the two separations of dots. Increasing the 
separation from 50 to 75 minutes caused a very small decrease in acuity 
of stereopsis for all levels of visual acuity. 
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Tables 21, 22, and 23 show the amount of myopia charted against 
the acuity of stereopsis for three sizes of dots. The distribution of the 
cases indicates that the larger the size of the dots, the greater is the 


Taste 21—Myopic Error Versus Acuity of Stereopsis in Subjects with Myopia 
Induced in Both Eyes, When Tested with Small Dots 


Acuity of Stereopsis 


Myopia, D. 20/20 20/30 20/40 20/50 20/60 Circles 

1 
2 9 
7 14 3 

Ree 2 6 16 1 

17 9 as 

Average.... es 0.20 0.69 0.97 1.46 


TaBLeE 22.—Myopic Error Versus Acuity of Stereopsis for Subjects with 
Induced Myopia in Both Eyes, When Tested with Medium-sized Dots 


Acuity of Stereopsis 


Myopia, D. 20/20 20/30 20/40 20/50 20/60 Circles 
= 
2 2 2 5 
2.00... 1 1 4 5 7 5 
Reteiveceess 4 5 5 8 3 
12 7 6 
26 oe ee ee oe 
Averag::..... ee 0.98 1.66 1.80 1.96 


TasBLE 23.—Myopic Error Versus Acuity of Stereopsis for Subjects with 
Induced Myopia in Both Eyes, When Tested with Large Dots 


| Acuity of Stereopsis 


Myopia, D. 20/20 20/30 20/40 20/50 20/60 Circles 

3.00.. 1 1 

= 1 3 3 4 2 

2.00.. 3 3 10 3 
24 1 

Average..... 1.40 1.90 2.12 2.38 


amount of myopia necessary to reduce stereoptic acuity. If stereoptic 
acuity of better than 20/20 had been tested, it is presumed that much 
better than 20/20 acuity would be possible with the larger dots. 


COMMENT 


Now that the results in the three parts of the investigation have 
been presented, it is possible to evaluate them as a whole and to inter- 
pret the observations in one section of the study in the light of those in 
another section. 
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Visual Acuity and Stereopsis—The various results show a close 
correlation between visual acuity and stereoptic acuity. Defective visual 
acuity was the major factor which limited stereoptic acuity in the 
original series of clinical cases. When the values for patients showing 
suppression, learning tendency, hypermetropic anisometropia, hyper- 
metropia of over + 2.50 D. sphere equivalent and hypermetropia cylinder 
errors at crossed axes were removed from the graph, the relationship 
between the two acuities became obvious. In part II that relationship 
was again clearly defined when myopia in both eyes or in one eye, simple 
myopic astigmatism at axis 90 or. simple hypermetropic astigmatism 
was induced. Stereoptic acuity tended to be fairly well maintained in 
the presence of induced simple myopic astigmatism, cylinder at axis 180. 
This was due to the subject’s ability to focus on the vertical borders of 
the dots. In part III the relationship between the two acuities was 
reaffirmed, using larger dots and wider separations of the dots. These 
results all indicate that stereoptic acuity is directly dependent on visual 
acuity except with myopic cylinder error at axis 180. 


Causes Other Than Visual Acuity for Decreased Stereoptic Acuity — 
The graph, presenting results for the 246 clinical subjects studied, 
includes values for patients showing suppression, hypermetropic aniso- 
metropia over + 0.75 D. sphere equivalent, hypermetropic cylinder 
errors over + 0.75 D. at axes more crossed than 45 degrees, the “learn- 
ing” tendency and hypermetropia of over + 2.50 D. sphere equivalent, 
all designated by special symbols. These patients will now be discussed, 
in the order indicated. 

The subjects with suppression, with 2 exceptions, never showed an 
acuity of stereopsis greater than the amount of the suppression. Patients 
without fusion had no stereoptic acuity and were not included in the 
series. The quantitative testing of suppression by means of the Snellen 
chart, with letters missing, turned out to be very satisfactory. The sub- 
jects were found to suppress within the range of the size of letters 
shown on this chart. The fact that the test predicted decrease in stere- 
optic acuity seemed to confirm its value. Finally, the letters in the 
Snellen charts were already graded as to size, so that it was simple and 
convenient to grade suppression accordingly. 

Patients with hypermetropic anisometropia were designated with a 
special symbol in the graph. In the second part of the study it was 
shown that hypermetropic anisometropia caused a lowering of stereoptic 
acuity but that certain persons could overcome a considerable error and 
still maintain good stereopsis. Apparently, the subjects accommodated 
alternately for the two slides and were able to obtain a good estimation 
of the separation of the dots, and therefore of their relative depth. Such 
results might not have been recorded if less than fifteen seconds had 
been allowed for the judgments. Two of the subjects who took these 
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tests were highly skilled at using their eyes. At first, the anisometropia 
caused a moderate loss of stereoptic acuity, but with practice the scores 
quickly improved. Therefore when anisometropia is induced, stereoptic 
acuity seems dependent on the subject’s ability to use his eyes, his 
interest and attentiveness, the amount of previous practice and the 
amount of time he is given for his judgments, as well as on the amount 
of refractive error. 


~~ In part II, hypermetropic cylinder errors at crossed axes were found 
to cause a greater decrease of stereoptic acuity than did cylinder errors 
at parallel axes. It has already been noted that the amount of scatter 
for hypermetropia, shown in tables 14, 15 and 16, is greater than that for 
myopia, as shown in table 9. This may have somewhat the same signifi- 
cance as the results for induced anisometropia. Hypermetropic cylinder 
errors at crossed axes tend to reduce stereoptic acuity, but the error 
may be overcome and good stereoptic acuity obtained if the subject’s 
interest, attention and facility at using his accommodation are at a 
high level. 


The importance both of the learning of stereopsis and of the learning 
factor in this particular test can now be assessed. First, it was noted in 
part I that the learning factor was present in the sample of the popu- 
lation represented and that subjects showing this tendency formed a 
large proportion of patients who did not gain a stereoptic acuity com- 
mensurate with their visual acuity. Second, comparison of tables 1 and 9 
shows that the average visual acuities for each level of stereopsis are 
lower in table 1. The patients in table 1 were all taking the test for 
the first time, while the subjects in table 9 were trained observers. The 
difference in the averages in the two tables seems to be due to our 
inability in the first tests (table 1) to eliminate all subjects with 
lowered acuity of stereopsis due to causes other than lowered visual 
acuity, to the learning factor of the subjects and to the learning factor 
in the test itself. The test’s learning factor, so revealed, appears to be 
small and unimportant. Third, review of tables 9, 21, 22 and 23 shows 
that when simple myopia is induced in both eyes acuity of stereopsis 
falls off as visual acuity decreases. These results were obtained by 
repeated testing on different days. Therefore, if a great learning factor 
was present, there would be a great scatter of the results in the tables. 
No such scatter is present, indicating that learning in cases of simple 
myopia, following the original session, is insignificant. The same analysis 
would apply to the results in table 10, for subjects with induced simple 
myopia in one eye. The scatter in this table is still small but greater 
than that for simple myopia in both eyes. During the testing of subjects 
with induced myopia in one eye variations in visual acuity occurred. 
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This was apparently due to variations in the relaxation of accommo- 
dation. Therefore the scatter in table 10 is probably due to such 
variations rather than to learning. On the other hand, subjects with 
anisometropia and hypermetropic astigmatism do show improvement in 
stereoptic vision with practice, and the scatter in tables 13, 14, 15 and 
16 seems to be due partly to this learning factor. To sum up, subjects 
can be taught to gain their full stereoptic acuity in one or two sessions. 
After that learning is insignificant, except possibly in cases in which a 
great deal of anisometropia or hypermetropic astigmatism must be 
overcome. 

In part 1, hypermetropia was not found to be any bar to good 
stereoptic acuity. However, several of the subjects with high hyper- 
metropia noted difficulty in maintaining the small dots in clear vision. 
Attempts to formulate an experiment to fit into part II of the study 
were not helpful. The subjects tended to accept a minus sphere up to a 
certain level with no loss of stereopsis. Beyond that, vision suddenly 
became blurred, and stereoptic readings were not possible. ‘Thorne * 
mentioned that hypermetropia causes decrease in acuity of depth per- 
ception, but no direct evidence for this statement has been found here. 


Muscle Balance and Stereopsis—Ilt can be seen from tables 6, 7 
and 8 that there is no correlation of Maddox rod readings for near and 
distant vision, convergence and acuity of stereopsis. Apparently, stere- 
opsis as tested here has no relationship to minor heterophorias or to 
decrease in power of convergence. This is at variance with the obser- 
vations of Howard.’ However, suppression was found to reduce stere- 
optic acuity, and lack of fusion was a complete bar to stereopsis. Only 
when suppression accompanies heterophorias can decrease of stereopsis 
be expected. 


Size of Test Objects and Stereopsis—It has been noted that increased 
size of the dots allowed increased acuity of stereopsis. Samsonowa ‘* 
found that acuity of stereopsis is related to the length of the vertical 
borders of the objects viewed, and not to the area of the objects or 
the length of the horizontal borders. Anderson and Weymouth,’ testing 
depth perception by means of vertical strings, noted that when the 
length of the string was increased up to the diameter of the macula 
depth perception improved, but beyond that no improvement was 


3. Thorne, F. H.: Ophthalmology in Aviation, Arch. Ophth, 19:253-277 
(Feb.) 1938. 

4. Samsonowa, V. G.: Einfluss der Objektform auf das stereoskopische Sehen, 
Arch. f. Ophth. 135:30-48, 1936. 

5. Anderson, E. E., and Weymouth, F. W.: Visual Perception and the Retinal 
Mosaic, Am. J. Physiol. 64:561-691, 1923. 
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obtained. In the present work the improvement in stereopsis with 
increased size of the dots is probably due to the increased vertical 
border. 


Separation of Test Objects and Stereopsis.—In this investigation a 
small decrease in acuity of stereopsis occurred when the separations 
were increased from 50 to 75 minutes. Langlands ® noted a decrease in 
depth perception as separation was increased. The same author, using 
eccentric fixation, found that when the angle from the macula increased 
visual acuity declined at the same rate as did stereoptic acuity. Friibose 
and Jaensch* noted a steady decrease in acuity of depth perception as 
separations were increased to 6 degrees, and a still greater decrease 
beyond that. The present investigation would confirm that in the region 
of the macula increased separation of the test objects reduces acuity of 
stereopsis for all levels of visual acuity. 


SUMMARY AND CONCLUSION 


A new series of slides for the quantitative testing of acuity of stere- 
opsis is described. 


A method for obtaining a quantitative estimation of the degree of 
suppression is discussed. 


A series of clinical cases was studied and clinical experiments were 


carried out, using the test for stereoptic acuity. The following con- 
clusions were drawn: 


1. Stereoptic acuity as tested here varied directly as the visual acuity. 


2. Decrease in stereoptic acuity accompanied increase in the amount 
of suppression. 


3. Refractive errors affected stereoptic acuity as follows: 


(a) Acuity of stereopsis was reduced in proportion as the error 
increased in subjects with (1) myopia in one eye, (2) myopia in both 
eyes, (3) myopic astigmatism, axis 90. 

(b) Acuity of stereopsis was reduced but could be partially main- 
tained by the subject’s efforts in cases of (1) myopic astigmatism, axis 
180, (2) hypermetropic astigmatism, axes 90 and 180 and crossed axes, 
(3) anisometropia. 

(c) Acuity of stereopsis was not affected in subjects with hyper- 
metropia. 


6. Langlands, N. M.: Experiments on Binocular Vision, Great Britain Privy 
Council, Medical Research Council, Special Report Series, no. 1933, London, His 
Majesty’s Stationery Office, 1929. 


7. Friibose, A., and Jaensch, P. A.: Der Einfluss verschiedener Faktoren 
auf die Tiefensehscharfe, Ztschr. f. Biol. 78:119-132, 1923. 
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4. An initial learning of stereoptic acuity occurs. The test does not 
seem to have a significant learning factor. 

5. Increase in the size of the test objects improved stereoptic acuity. 
Increase in the separation of the test objects decreased stereoptic acuity. 

6. Convergence, heterophorias, age and accommodation showed no 
correlation with acuity of stereopsis. 


The Director of Medical Services for Air gave permission to publish this 
article. 
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ALKALI BURNS OF THE EYE 
Il. Clinical and Pathologic Course 


WILLIAM F. HUGHES Jr., M.D. 
BALTIMORE 


HE PROGRESSIVE nature of severe alkali burns of the eyes 

and the frequency of secondary complications are well known. 
The purpose of this communication is to outline the distinctive clinical 
and pathologic features, which may yield clues to the mechanism of 
action, and to emphasize the secondary reactions, against which are 
directed many of the therapeutic measures. 

Except for minor differences in the rate of penetration and the 
intensity of opacification, the clinical courses of burns produced by a 
variety of alkalis, e. g., lye, lime (calcium oxide) and ammonia, are 
remarkably similar.t. The alkalinity of the solution is probably the 
most important factor governing the severity of the lesion, and the 
rabbit cornea is damaged by solutions more alkaline than those with 
pu of 11.5.2 The material for the present study included sodium 
hydroxide burns of the rabbit eye and clinical observations on several 
types of alkali burns in human eyes. 


CLINICAL COURSE 


MODERATELY SEVERE SODIUM HYDROXIDE BURN 
OF THE RABBIT EYE 


Irrigation of one-half the rabbit cornea for three minutes with 
twentieth-normal (0.2 per cent) sodium hydroxide made isotonic by 
the addition of sodium chloride produced a moderately severe lesion, 
which eventually healed. The accompanying series of photographs (figs. 
1 to 3) follow the course of such a burn in a single rabbit eye. 

During Irrigation—The cornea gradually acquired an opalescent cloudiness of 
silky texture, and the adjacent sclera in contact with the alkali became translucent. 


The corneal epithelium adhered poorly to the underlying stroma and could be 
wiped off easily. Gelatinous material accumulated in the conjunctival cul-de-sac. 


From the Wilmer Ophthalmological Institute of the Johns Hopkins University 
and Hospital. 

1. Hughes, W. F., Jr.: Alkali Burns of the Eye: A Review of the Liter- 
ature and Summary of Present Knowledge, Arch. Ophth. 35:423-449 (April) 
1946. 

2. Friedenwald, J. S.; Hughes, W. F., Jr., and Herrmann, H.: Acid-Base 
Tolerance of the Eye, Arch. Ophth. 31:279-283 (April) 1944. 
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Figure 1 
(See legend on opposite page) 
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Fifteen Minutes (fig. 1A).—The cornea had become moderately cloudy and 
thickened as a result of edema. The adjacent limbus was ischemic, and the 
nearby blood vessels had segmented columns of blood, surrounded with petechial 
hemorrhages. Conjunctival edema developed. Examination of the anterior cham- 
ber with the slit lamp revealed an aqueous ray. 


Five Hours (fig. 1B).—The corneal epithelium had desquamated, leaving an 
area which stained green with fluorescein. Conjunctival edema was more pro- 
nounced, and a small amount of mucous discharge had accumulated in the lower 
cul-de-sac. 


Three Days (fig. 1C)—The conjunctival edema had largely subsided, but 
many deep hemorrhages persisted in the episcleral and scleral tissues above. The 
corneal edema had spread to the lower, or unburned, portion of the cornea. The 
iris was slightly congested and thickened. 


Ten Days (fig. 1 D)—The edema of the lower half of the cornea had disap- 
peared, and the corneal opacification was less intense. Blood vessels began to 
encroach on the limbus about the fifth day, and after ten or twelve days superficial 
loops extended 2 to 3 mm. into the cornea. The vessels sometimes exhibited 
irregular dilatations, with hemorrhages surrounding the bulbous ends. Vessels 
did not enter the corneal opacity from the ischemic area, but they arose from 
intact vessels around the edges of the corneal opacification. If the necrosis of 
limbal vessels was only superficial, vessels from deeper loops entered the posterior 
layers of the cornea in the form of straight, brushlike projections. The most 
intense vascularization of the cornea could be produced by the intracorneal 
injection of alkali immediately adjacent to, but not involving, the limbus. Small 
injections of alkali in the center of the cornea, leaving a rim of clear cornea 
around the entire periphery, produced little, or no vascularization. It was possible 
for vessels to pass through short stretches of relatively clear cornea if the lesion 
to which they were directed was sufficiently large. 


Seventeen Days (fig. 1E).—The vascularization of the cornea was clearly 
visible to the left of the relatively thin opacity. 


EXPLANATION OF PLATE. 


Fig. 1—A, rabbit eye fifteen minutes after three minute irrigation of the upper 
half of the cornea with a solution of twentieth-normal (0.2 per cent) sodium 
hydroxide made isotonic by the addition of sodium chloride. This exposure has 
produced a dense white corneal opacification, with ischemia of the adjacent 
limbal region above. Figure 1 B to F and figure 2 A to C, inclusive, are photographs 
of the same eye at various intervals after exposure. 


B, five hours after exposure. Moderate conjunctival edema has developed; 
the corneal epithelium has sloughed and shreds of desquamated tissue and exudate 
are present in the lower cul-de-sac. 


C, three days after exposure. The conjunctival edema has already subsided, 
leaving subconjunctival hemorrhages in the necrotized tissue above. The corneal 
edema has spread from the original lesion to involve previously clear cornea. 

_ D, at end of ten days. The secondary edema of the cornea, below, has entirely 
disappeared, and the opacification, above, is relatively light. 

E, at end of seventeen days. Large, superficial vessels are proceeding into the 
burned area from the uninvolved limbal plexus laterally. 

F, at end of twenty-seven days. The corneal infiltration has become heavier, 


= vessels can also be seen entering the area from the right side of the lesion 
above. 


4 
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Twenty-Seven Days (fig. 1 F).—The opacity had become more dense because 
of a cellular infiltration in the cornea, and this was associated with increased 
conjunctival congestion and some mucopurulent discharge. 


~ 


Fig. 2—A, eye forty-two days after exposure. Shallow ulceration of the 
cornea is present over the dense, yellowish white infiltration, and large vascular 
trunks with many branches have pushed into the lesion ‘from three sides. In 
the vascularized area the mild haziness is largely contributed by the edema. 

B, three months after exposure. The corneal opacification has cleared greatly, 
leaving some irregularity of the surface, mild edema and faintly visible blood 
vessels. An iridescent opacity of the lens capsule is limited to a small, round 
area in the center of the pupil and does not extend into the anterior cortex. 

C, ten months after exposure. The corneal opacity is less intense, largely 
owing to disappearance of the corneal edema and vascularization. Regenerating 
corneal epithelium has carried limbal pigment onto the cornea at 11 o’clock, the 
so-called pigment slide. An elevated scar persists centrally. The haziness sur- 
rounding this is largely caused by the deposition of cholesterol. A few peripheral 
anterior synechias lie under the burned area, from 9 to 12 o’clock. Development 
of the capsular cataract has not progressed. 


= 
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Forty-Two Days (fig. 2.A).—The corneal infiltration was somewhat more 
localized, and blood vessels were making their way into the area. 

Ninety-Five Days (fig. 2B).—The area of dense corneal infiltration had dis- 
appeared, leaving the surface of the cornea in this region uneven. The vasculari- 
zation, which was partially faded, arose from limbal blood vessels at the side 
of the ischemic area, at 11 o’clock, and entered the cornea in a single plane about 
one third of the thickness of the cornea beneath the surface. Mild edema of the 
corneal epithelium and stroma persisted in the central portion of the lesion, and 
the endothelium was cloudy. Several peripheral anterior synechiase underlay the 
most severely involved portion of the cornea. The anterior capsule of the lens 
had a sharply circumscribed opacity with a metallic sheen, but the underlying 
cortex of the lens remained clear. 


Next Seven Months—During this time the cornea became clearer, largely 
because of disappearance of the corneal edema and fading of the vascularization 


Fig. 3—Central corneal opacity shown in figure 2C, as seen with the slit 
lamp. A yellowish white opacity lies in the central third of the cornea, overlying 
which is a network of blood vessels, many of them bloodless. The underlying 
corneal endothelium is thickened. A vascularized scar, below, is elevated above 
the surface of the cornea. In the middle third of the stroma are many needle-like 
crystals of cholesterol. 


into so-called ghost vessels, which contained no blood (fig. 2C). Examination 
with the slit lamp at ten months (fig. 3) revealed the presence of many needle-like 
crystals (probably cholesterol) deep within the corneal stroma. 


MILD SODIUM HYDROXIDE BURN OF THE RABBIT EYE 


Irrigation of the rabbit eye with twentieth-normal sodium hydroxide 
for thirty seconds or less without subsequent lavage produced a relatively 
mild lesion. As compared with that described in the preceding section, 
the acute conjunctival symptoms (e. g., edema, necrosis of limbal vessels 
and petechial hemorrhages) were less pronounced ; the corneal opacifica- 
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tion was less dense; ulceration rarely extended deeper than the epithe- 
lium; vascularization of the cornea was usually limited to a few loops 
of superficial vessels which faded within a week or two; late infiltrations 
of the cornea were unusual, and iritis was mild. 


SEVERE SODIUM HYDROXIDE BURN OF THE RABBIT EYE 


Devastating lesions of the rabbit eye could be produced by irrigation 
of the entire cornea of a proptosed eye for over three minutes with a 
twentieth-normal solution of sodium hydroxide. Noteworthy in the 
clinical course of such burns were necrosis of the conjunctiva, with 
desquamation of large sheets of tissue; pearly white, ischemic necrosis 
of the limbal blood vessels, accompanied with hemorrhages; almost 
complete opacification of the cornea, with early desquamation of the 
epithelium; poor staining of the opaque cornea with fluorescein in 
spite of the fact that the surface was completely denuded of epithelium ; 
purulent infiltration of the cornea within a week or ten days, associated 
with deep ulceration and perforation ; extreme congestion and thickening 
of the iris (thrown into folds), frequently associated with hypopyon, 
and a capsular cataract, visible after a few hours. Descemet’s membrane 
was remarkably resistant to alkali, often remaining clear and intact 
although the overlying cornea became opaque and sloughed. In spite 
of the obvious necrosis of the conjunctiva and the purulent nature of 
the reaction, symblepharon practically never ensued in the rabbit. The 
necrosis of the limbal vessels was ordinarily so complete that superficial 
vascularization did not occur, although deeper vessels might arise from 
less severely burned portions of the limbus. The regenerating con- 
junctiva might encroach on the ulcerated cornea, but fleshy, pterygium- 
like growths over the center of the cornea did not ordinarily occur in 
rabbits. 


SPECIAL CHARACTERISTICS OF ALKALI BURNS OF 
THE HUMAN EYE 


Alkali burns of the human eye have a strong a predisposition to 
development of localized corneal infiltrations about one to three weeks 
after injury. 

In figure 44 is pictured a mild lye burn four hours after injury. Little 
cloudiness of the cornea was detectable at this time. However, eight days later 
(fig. 4B) a localized, round area of corneal infiltration had developed at 8 o'clock, 
toward which was directed a sheaf of blood vessels from the limbus. The over- 
lying corneal epithelium took a faint green stain with fluorescein. Similar late 
infiltrations occurred in rabbit eyes burned with sodium hydroxide (fig. 4C). 


Ischemic necrosis of the limbal region notoriously carries an unfa- 
vorable prognosis. Vascularized connective tissue frequently arises from 
the necrotic area and proceeds like a pterygium over the surface of 
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the burned cornea (fig. 5A and B). This fleshy membrane may also 
be continuous with adhesions between the lids and the globe, producing 
a complete symblepharon (fig. 5C). The direct relation between 
ischemic necrosis of the limbus and the tendency to late infiltration 
and ulceration of the cornea is less certain. 

Severe corneal burns in human eyes are prone to undergo relapses, 
in which the eye becomes irritable and small ulcerations and low grade 
iritis appear. The cornea may become progressively thinner, frequently 
resulting in staphyloma if there is an associated secondary glaucoma. 


Fig. 4—A, lye burn of a human eye four hours after injury. Some mucus 
lies on the limbus at 5 o’clock, but there is only a suggestion of corneal haziness 
at 8 o'clock. 


B, same eye as that shown in A eight days after injury. A localized, round 
area of corneal infiltration has developed, toward which limbal blood vessels are 
directed. 


C, corneal infiltration, which did not appear until five days after injection 
of 0.1 cc. of hundredth-normal sodium hydroxide into the cornea of a rabbit eye. 


STAGES OF CLINICAL COURSE OF ALKALI BURNS 


A review of the clinical course shows that the changes fall naturally 
into three stages: (1) an acute stage, consisting of ischemic necrosis 
and edema of the conjunctiva, sloughing of the corneal epithelium, 
opacification and edema of the substantia propria of the cornea and 
iritts; (2) a stage of reparation; including the subsidence of conjunctival 
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and corneal edema, regeneration of the epithelium, vascularization of 
the cornea with slow clearing of the opacification and disappearance of 
the iritis, and (3) a stage of late complications, which may include 
symblepharon and overgrowth of the cornea with a vascularized mem- 
brane, late corneal infiltrations, persistent or recurrent corneal ulcera- 
tion, permanent corneal opacification, staphyloma of the cornea, per- 
sistent or exudative iritis, secondary glaucoma and cataract. 


* 


Fig. 5.—A, severe burn of a human eye with lime a few hours after injury, 
illustrating the extreme ischemic necrosis of the limbal region, in an area from 
3 to 6 o'clock. 

B, later photograph of the eye shown in A. A tongue of vascularized connec- 
tive tissue is growing over the damaged cornea from the region of ischemic 
necrosis. 

C, complete symblepharon, present months after a severe burn with lime. 


PATHOLOGIC COURSE 


The histologic changes in sodium hydroxide burns of the rabbit eye 
will be described according to the stages of reaction just outlined, in 
an effort to elucidate some of the clinical features. There are several 
acute processes directly attributable to the necrotizing action of the 
alkali and secondary reactions, which are reparative in nature or result 


in secondary complications. 
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ACUTE STAGE 


Histologic Evidence of Rate and Depth of Penetration of Alkali—In the 
moderately severe alkali burn previously described (irrigation of the rabbit eye 
for three minutes with twentieth-normal sodium hydroxide), the corneal endo- 
thelium showed signs of disintegration in the burned area three minutes after 
the irrigation was completed. At the end of ten minutes (fig. 6) the endothelium 
underlying the exposed area had largely been desquamated. The alkali apparently 
penetrated the posterior chamber of the eye and altered the permeability of the 
vessels in the ciliary processes, resulting in edema of the ciliary processes within 
an hour (fig. 7 A) and sometimes a large cystic bleb, similar to that described by 
Greef (fig. 7B). The capsule of the lens was damaged early, particularly within 
the pupillary space, and in twenty-four hours a capsular opacification could be 
detected clinically. 


Fig. 6—Section of the posterior layers of the rabbit cornea ten minutes after 
three minute irrigation with twentieth-normal sodium hydroxide. In the burned 
area, on the right, the endothelium has already become fragmented and has 
partially desquamated. 


Unless otherwise noted, subsequent histologic material was prepared by irri- 
gation of one-half the proptosed rabbit eye for three minutes with isotonic 
twentieth-normal sodium hydroxide and fixation in Zenker’s fluid, and the sections 
were stained with hematoxylin and eosin. 


Conjunctival Changes—At the end of three minutes (fig. 8A), the conjunc- 
tival epithelium had been entirely sloughed, and the subconjunctival tissue was 
disorganized. The cellular structure of the walls of blood vessels was disinte- 
grated, and basophilic shadows of red blood cells remained in the lumens. At 
the end of thirty minutes the burned conjunctiva had completely lost its normal 
structure. At one hour swirls of eosinophilic, amorphous material (probably 
serous exudation) were present, and at the end of two hours polymorphonuclear 
cells appeared. 
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Fig. 7.—A, ninety minutes after exposure. 

x 130. 

B, forty-five minutes after exposure. A large cystic bleb has developed in 
38 


the ciliary processes (“Greef cyst’). 


Edema of the ciliary processes. 
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Necrosis of Blood Vessels at the Limbus.—As noted in the section at the end 
of three minutes (fig. 8A), the endothelial lining of the limbal blood vessels 
showed signs of disintegration. After thirty minutes (fig. 8B) the wall of the 


J 


Fig. 8—A, three minutes after irrigation with twentieth-normal sodium 
hydroxide was stopped. There are complete desquamation of the conjunctival 
epithelium and extensive necrosis of all the deeper structures. x 300. 

B, section through the superficial scleral tissue of the limbus thirty minutes 
after exposure. The blood vessel has become an acellular rim surrounding a 
thrombus. » 670. 
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vessel became an acellular rim surrounding a thrombus. The underlying sclera 
was characterized by feathery lamellations and small bundles, representing cross 
sections of remaining fibers. 

Early Corneal Changes—The corneal epithelium became peglike, with dis- 
placement of the cell nuclei toward the surface (fig. 9A). The cornea was 


Fig. 9.—A, section of corneal epithelium three minutes after exposure. The 
more severely burned portions on the right show anterior displacement of the 
cell nuclei, peg-shaped cells and beginning detachment of the epithelium from the 
underlying stroma. x 480. 

B, from the same eye as that pictured in A, showing fragments of partially 
desquamated epithelium on the left, and, on the right, complete denudation of 
epithelium. x 130. 


rapidly denuded of epithelium because the basal layers became loosened from the 
underlying stroma and the cell membranes and cytoplasm disintegrated (fig. 9A 


and B). 
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After irrigation with sodium hydroxide, the corneal stroma appeared washed 
out (fig. 10 A), leaving horizontal lamellas separated by feathery striations (fig. 
12.A). Metachromatic staining of intercellular mucoid (toluidine blue stains mucoid 
purplish) began to decrease after eight hours and almost disappeared twenty- 
four hours after exposure to alkali. Fragmentation and disappearance of the 
stroma cells were clearly visible at the end of three minutes (fig. 10B), and by 
eighteen hours the necrotized area had become acellular. The endothelium under- 
lying the exposed area was rapidly destroyed by the alkali, and corneal edema 
developed (fig. 10C). As seen under high power magnification, the nuclei in 
edematous areas were stretched into angular shapes by the distorted fibers and 
membranes (fig. 10D). After two hours polymorphonuclear cells began to enter 


the cornea peripherally (fig. 114) and were usually found in the loose textured, | 


superficial layers of the cornea nearest the burned area (fig. 11 B). 


Iritis—As soon as three minutes after irrigation with twentieth-normal sodium 
hydroxide traces of serum could be seen in the anterior chamber, and after 
thirty minutes to one hour (fig. 12 A) the anterior chamber was filled with serous 
exudation. Within four hours a few polymorphonuclear cells could be found in 
the anterior chamber, and after four days they were present in great numbers in 
the anterior chamber and the iris (fig. 12B). The purulent reaction usually 
subsided within several days, but the iris continued to show increased vascularity, 
edematous thickening and early fibrosis. Disorganization of the pigment epithe- 
lium occurred later. 

It has already been mentioned that the ciliary processes were affected soon 
after exposure to alkali, with development of edematous bullae of the surface 
epithelium (fig. 7B) and edema of the processes (fig. 7A). This acute process 
usually subsided after one week. 


REPARATIVE STAGE 


Conjunctiva—In the rabbit, the regeneration of the conjunctival epithelium 
was rapid. At the end of forty-eight hours the surface of the burned conjunctiva 
was covered with new epithelium, and this might continue growing over the 
surface of the adjacent burned cornea (fig. 13.4). Astonishingly little fibrosis 
occurred in the damaged conjunctiva of the rabbit eye. 


Cornea.—Six hours after exposure to alkali a single layer of rounded epithelial 
cells was found overlying the burned stroma in the periphery (fig. 13B) These 
plump regenerating cells proceeded over acellular areas of burned stroma without 
difficulty and rapidly became stratified, with flattening of the superficial layers 
(fig. 14). However, if the underlying stroma was unduly affected by purulent 
infiltration or rough areas of ulceration, the new-formed epithelium adhered 
poorly. In addition, excessive and irregular thickening of the epithelium might 
develop, the cells being of irregular sizes and shapes, with uneven stratification 
(figs. 15 A and B). 


Vascularization of the cornea proceeded in from the limbal vessels soon after 
seven days. Most often the vessels were located in the loose, damaged tissue of 
the anterior third of the stroma (fig. 13.4), but they might lie deep within the 
cornea if the superficial limbal vessels had been thrombosed or the corneal burn 
was severe (fig. 15 8B). 

Repair of the acellular zones in the burned stroma began after twenty-four 
hours with the appearance of elongated cells in the adjacent, less involved area 
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Fig. 11—A, section at periphery of the rabbit cornea burned with twentieth- 
normal sodium hydroxide two hours previously. Polymorphonuclear cells have 
already begun to infiltrate into the anterior layers of the stroma. 


B, section of rabbit cornea eight hours after exposure. The corneal epithelium 
has sloughed completely; polymorphonuclear cells have infiltrated into the loose- 
textured stroma anteriorly; dark-staining, elongated cells are present in the less 
severely burned stroma on the left; the endothelium has desquamated on the right, 
and exudation into the anterior chamber has already developed. 


EXPLANATION OF PLATE. 


Fig. 10.—A, section of rabbit cornea ten minutes after ten minute irrigation 
with tenth-normal sodium hydroxide. The anterior third appears washed out, 
and metachromatic staining with toluidine blue in such areas revealed loss of 
mucoid. Mallory’s connective tissue stain. 

B, same eye as that from which sections appear in figure 9 A and B, showing 
contrast between the burned corneal stroma, above, and the normal stroma, below, 
to which the alkali apparently did not penetrate. x 670. 


C, same eye as that pictured in figure 5C, forty-five minutes after exposure, 
showing edema of the corneal stroma in the area where both epithelium and 
endothelium have desquamated. 


D, section of highly edematous cornea five days after the intracorneal injection 
of a solution of sodium carbonate of pu 9.0. Descemet’s membrane was found 
detached under this area, with cellular proliferation and irregular regeneration 
of the corneal endothelium, probably the results of mechanical damage. Similar 
distortion of cell fibers and membranes is seen after exposure to solutions of 
higher pu, which also damage the corneal endothelium. x 670. 
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Fig. 12.—A, one hour after exposure. 
the anterior chamber. x 130. 


B, within four days after exposure. 


Serous exudation has already appeared in 


Polymorphonuclear cells have appeared 


in the iris, the anterior chamber and the limbal region of the cornea. 
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(fig. 164A). These new cells had basophilic cytoplasm, with tails and a rather 
large single nucleus, containing a prominent nucleolus (fig. 16B). Mitoses could 
not definitely be demonstrated among these cells. Sometimes mononuclear wander- 
ing cells were present in the tissue at the same time, but a temporal sequence in 


Fig. 13—A, twefty-one days after exposure. The conjunctival epithelium 
(containing goblet cells) has grown over the vascularized corneal stroma.  X 300. 


B, section six hours after exposure, showing the tip of corneal epithelium 
regenerating over the surface of the cornea. 


the possible transformation of these cells into the new, stroma-like cells just 
mentioned has not been established. These new cells gradually invaded the burned 
tissue horizontally; but migration vertically was difficult, and at times they lined 


= 


q 
: 
- 
~ 
; 


206 ARCHIVES Of OPHTHALMOLOGY 


up in palisade formation beneath an acellular area, into which they could not 
penetrate. 


After several weeks, a severely burned cornea might be seen to be converted 
into swirls of connective tissue and blood vessels (fig. 17 4). The central area of 
burn sometimes showed a tremendous heaping up of scar tissue and vessels, 
several times the thickness of the normal cornea (fig. 17 B). 

The endothelium, which was rapidly desquamating in areas to which the 
alkali had penetrated, might be regenerated as early as forty-eight hours later 
(fig. 16B). Reduplication of the layers of new endothelium was common. It is 


Fig. 14.—Section of rabbit cornea eight days after the intracorneal injection of 
0.1 cc. of fiftieth-normal sodium hydroxide. The epithelium has regenerated and 
is partially stratified, remaining adherent to a completely acellular stroma. x 300. 


to be noted that edema of the corneal stroma might persist for a few weeks 
after regeneration of the endothelium. 


COMMENT 


The proclivity of alkali burns to develop unforeseen complications 
is well known. The statement that alkali burns are progressive in 
nature generally refers to the observation that the initial cloudiness 
of the cornea may give no foreboding of the subsequent course and final 
corneal opacification. However, the individual factors which are 
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Fig. 15—A, same eye as that. pictured in figure 12B, showing unhealthy 
regeneration of the corneal epithelium over stroma containing many polymor- 
phonuclear cells. 


B, section of a severely damaged cornea at the end of fourteen days. The 
corneal epithelium shows irregular and excessive stratification and poor adherence 
to the underlying stroma. The stroma is heavily vascularized. 
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(See legend on opposite page) 
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responsible for the poor visual prognosis may be exceedingly diverse; 
e. g., corneal infiltrates, secondary infection, ulceration, persistent edema, 
vascularization, fibrous tissue scarring, growth of a vascularized mem- 
brane over the surface of the cornea, staphyloma of the cornea, sym- 
blepharon, iritis, secondary glaucoma and cataract. The underlying 
causes of many of these complications are obscure, but some are cer- 
tainly interrelated; e. g., (@) destruction of the corneal endothelium, 
with resulting corneal edema; (b) secondary infection, corneal infiltra- 
tion and ulceration, although infiltration and ulceration can probably 
occur without secondary infection; (c) iritis and secondary glaucoma, 
and (d) desquamation of the conjunctival and corneal epithelium in 
association with pannus overgrowth of the cornea and symblepharon. 

Unlike alkali burns, ocular burns with acids are nonprogressive, 
and the ultimate prognosis can usually be estimated with accuracy soon 
after the injury (except for burns with hydrofluoric acid and acids 
containing heavy metals, such as chromic acid). A comparison of 
the pathologic changes in acid and alkali burns reveals interesting 
differences, which suggest more fundamental causes of the compli- 
cations following alkali burns. These characteristics have been discussed 
in the literature and have been reviewed previously.’ The following 
factors appear to be of etiologic importance: 


Deep Penetrability of the Alkali—Unlike the condition in acid 
burns, the corneal epithelium is loosened by alkali within a few minutes 
and can be wiped off with the slightest amount of trauma. An intact 
epithelium protects the cornea against injury by substances with a py 
in the acid range but has little protective effect against substances with 
a pu in the alkaline range. A second factor which reduces the penetra- 
bility of acid may be a strong tendency to fixation of the anion by the 
corneal proteins.** For these reasons, trichloroacetic acid is commonly 
used for superficial cauterization of the cornea. After the application 
of this acid the cornea may appear completely opaque, but within a few 
days the precipitated superficial layers will slough off, leaving entirely 
clear corneal stroma underneath. Histologically, such delimitation of 
lesions due to acids has been demonstrated. In contrast to this, alkali 


3. (a) Friedenwald, J. S.; Hughes, W. F., Jr., and Herrmann, H.: Acid 
Burns of the Eye, Arch. Ophth. 35:98-108 (Feb.) 1946. (b) Hughes. 


EXPLANATION OF PLATE. 


Fig. 16.—A, twenty-four hours after exposure. Many new, elongated cells 
with single, dark nuclei have appeared in the area beneath the severely burned 
portion. xX 130. 

B, section of the posterior layers of a cornea exposed forty-eight hours previ- 
ously. The new-formed mononuclear cells have prominent nucleoli and basophilic 
cytoplasm. The stroma above is completely acellular. x 670. 
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Fig. 17.—A, five weeks after ten minute irrigation with tenth-normal sodium 
hydroxide. The normal stroma has been replaced with swirls of connective tissue 
and blood vessels. 


B, thirty-three days after exposure to twentieth-normal sodium hydroxide. 
A huge central granuloma has developed, more than doubling the thickness of the 
cornea in this area. 
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is said to form soluble albuminates, which do not obstruct further 
penetration. Ammonia penetrates into the anterior chamber within 
fifteen seconds after its application to the eye* and early histologic 
evidence of damage to the deeper structures of the anterior ocular 
segment after exposure to sodium hydroxide has been illustrated. 


From the physical considerations of loosening of the corneal epi- 
thelium and deep penetrability of alkali, some of the sequelae can be better 
understood: e. g., secondary infection, which can easily enter the cornea 
denuded of epithelium; deep corneal necrosis and permanent scarring 
of the substantia propria; early edema of the cornea secondary to 
damage of the endothelium ; serous exudation into the anterior chamber 
and ciliary processes; glaucoma secondary to the iritis, perhaps accen- 
tuated by the edema of the ciliary processes, and capsular cataract. 


Loss of Corneal Mucoid—Alkali readily hydrolyzes corneal mucoid. 
As shown previously, the corneal stroma has a washed-out appearance 
after irrigation with alkali, and metachromatic staining for mucoid 
reveals a decrease twenty-four hours after exposure. Acid burns of 
similar severity show no loss of metachromatic staining at the end of 
twenty-four hours. Meyer and Chaffee® made chemical estimations 
of hexosamine in corneas exposed to alkalis and acids and found a 
significant decrease only in the alkali-treated corneas. The possible 
importance of this difference between acid and alkali burns cannot be 
evaluated at present. 


Late Corneal Infiltration—tThis unpredictable, but not uncommon, 
complication of alkali burns is one of the causes of relapse in cases in 
which there is apparent improvement. Polymorphonuclear cells enter 
the periphery of the cornea within a few hours after injury. This 
cannot be in response to secondary infection, for cultures of the con- 
junctival sac are usually sterile for the first twenty-four hours after 
exposure. It is more likely that a chemotactic substance is produced 
by the alkaline hydrolysis of the corneal tissue. In preliminary 
experiments, Friedenwald, Hughes and Herrmann® have shown that 
certain fractions of alkaline hydrolysates of the beef cornea will produce 
corneal infiltration when injected into the rabbit cornea. The role 
which secondary infection might play in the development of later corneal 
infiltration is not clear. In some instances purulent infiltrations and 
deep corneal ulceration leading to perforation are associated with 


4. Siegrist, A.: Konzentrierte Alkali- und Sauerewirkung auf das Auge, 
Ztschr. f. Augenh. 43:176-194, 1920. 


5. Meyer, K., and Chaffee, E.: Unpublished data, 1942. 


6. Friedenwald, J. S.; Hughes, W. F., Jr., and Herrmann, H.: Unpublished 
data, 1942. 


| 
| 
oh 
| 
| 


212 ARCHIVES OF OPHTHALMOLOGY 


purulent conjunctival discharge and endophthalmitis. Such complica- 
tions are undoubtedly bacterial in origin. 


Necrosis of Limbal Blood Vessels.—Ischemic necrosis of the limbal 
region readily occurs with alkali burns of moderate severity. The extent 
to which this contributes to the severity of the associated corneal lesion 
is uncertain. A few observers’ have described a corneal lesion 
secondary to a localized burn of the limbal sclera. It is possible, how- 
ever, that the application of the acid or alkali might have spread over 
the surface of the cornea or that the concentration of corrosive used 
was sufficiently high to penetrate into the cornea or the aqueous from 
its site of application on the sclera. In the investigation of this ques- 
tion, I injected 0.2 to 0.5 cc. of twentieth-normal sodium hydroxide 
(the concentration used to produce moderately severe corneal lesions) 
subconjunctivally and intrasclerally at the limbus in 5 rabbit eyes, in 
2 of which injections were made into one-half the limbal circumfer- 
ence. The sclera at the site of the injection became translucent, and 
the areas of injection became chemotic and ischemic. In none of these 
eyes, however, did any secondary opacification of the cornea result. 
Injection of 0.1 cc. of 5 per cent sodium hydroxide in a localized area 
of the scleral limbus in 3 eyes produced intense corneal opacification 
and purulent iritis, the corneas perforating after eight days. In view 
of the penetrating qualities of such a strong solution, it is likely that 
the alkali diffused into the cornea and the aqueous before it was 
neutralized by the natural buffering capacity of the tissues. 


Growth of Vascularized Connective Tissue over the Surface of the 
Cornea.—A fleshy, pterygium-like tongue of tissue frequently grows 
over the surface of the burned cornea, especially when the adjacent 
limbal region is involved (fig. 5A and B). In the rabbit this picture 
does not develop completely, but, as illustrated in figure 12 B, the 
conjunctival epithelium may grow over the surface of the cornea. When 
a vascularized membrane covers the cornea, later efforts to improve 
vision by keratectomy or keratoplasty are greatly hampered. When this 
tissue also forms adhesions with the palpebral conjunctiva, the problem 
of correcting the symblepharon is added to the difficulties. 


Persistent Corneal Vascularization and Edema.—Occasionally the 
corneal vascularization following a severe alkali burn becomes intense 


7. Denig, R.: Ueber Ammoniakverletzungen des Auges, Ztschr. f. Augenh. 
11:308-311, 1904. Thies, O.: Bisher nicht beobachtete Spatfolgen bei Veratzun- 
gen des Auges mit Alkalien, Arch. f. Augenh. 105:47-54, 1931. Neumann, J.: 
Frithzeitige operative Behandlung der Augenveratzungen sowie ihre experimen- 
tellen und pathologisch-anatomischen Grundlagen, Klin. Monatsbl. f. Augenh. 
95:491-515, 1935. Schmelzer, H.: Sublimatveratzung des Auges, ibid. 90:184- 
190, 1933. 
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and may form nodules of granulation tissue on the surface (fig. 18). 
In addition to the production of irregular astigmatism, the eye frequently 
remains irritated for months or years. Many times, a low grade edema 
of the cornea persists. Early in the course of the alkali burn the corneal 
infiltration and cloudiness seem to clear simultaneously with the ingrowth 
of blood vessels. However, persistence of corneal vascularization may 
impair later clearing of the opacity and may possibly be related to 
late irritability of the eye. 

Recurrent Corneal Ulceration.—One cause of late recurrent ulcera- 
tion in corneas heavily scarred with corrosive agents has been suggested 
by Mann and Pullinger,* who observed that deposits of cholesterol in 


Fig. 18.—Five weeks after exposure. An elevated mass of vascularized tissue 
persists in the center of the lesion. 


old burns due to mustard gas (dichloroethyl sulfide) erupted through 
the corneal epithelium. Similar crystalline deposits have been observed 
in the corneal scars following alkaline burns (fig. 3). 

Spontaneous Clearing of the Corneal Opacity—With the passage 
of time the corneal scars of alkali burns may show remarkable clearing. 
The proliferation of spindle-shaped cells in the corneal stroma adjacent 
to the acellular areas previously exposed to alkali represents an early 
attempt at regeneration of the stroma cells (fig. 16 A and B). There 
are other conditions in which new cells grow into devitalized, but other- 
wise uninjured, stroma, resulting in complete transparency of the cornea. 


8. Mann, I., and Pullinger, B. D.: A Study of Mustard Gas Lesions of 


the Eyes of Rabbits and Men, Proc. Roy. Soc. Med. 35:229-244, 1942; Am. J. 
Ophth. 26:1253-1277, 1943. 
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This may be seen in the reports on successful grafting of formaldehyde- 
fixed cornea. Also, burns with solid carbon dioxide result in temporary 
complete loss of all cellular structures in the affected area, with 
subsequent regrowth of new stroma cells and ultimate complete restitu- 
tion of the normal histologic and clinical appearance of the cornea. 
Therefore, the ulceration, scarring and other late changes which occur 
after alkali burns cannot be attributed solely to the initial devitalization 
or loss of all cellular constitutents but must be due to some accompanying 
change in the collagenous or extracellular structure which makes full 
recovery impossible. Many of the proliferating cells at the edge of 
alkali-burned areas probably finally become fibroblasts. 


SUMMARY 


Studies were made of the clinical and pathologic course of sodium 
hydroxide burns of the rabbit eye and of the clinical observations on 
alkali burns in human eyes. The course of an alkali burn may logically 
be divided into three stages, with the following prominent characteristics: 

Acute Stage-——This stage consists in ischemic necrosis and edema of 
the conjunctiva and limbal region of the sclera, sloughing of the 
corneal epithelium, histologic evidence of rapid and deep penetration 
of the alkali with necrosis of cells in the corneal stroma and endothelium, 
loss of corneal mucoid, edema of the corneal stroma and ciliary processes, 
infiltration of polymorphonuclear cells into the cornea and iritis. 

Reparative Stage —This stage includes the subsidence of conjunctival 
and corneal edema, regeneration of the conjunctival and corneal 
epithelium, vascularization of the cornea, clearing of the corneal opacifica- 
tion, proliferation of elongated mononuclear cells at the periphery of the 
burned area in the corneal stroma, regeneration of the corneal endo- 
thelium and disappearance of the iritis. 


Stage of Late Complications.—At this stage there may be localized 
corneal infiltrations, progressive or recurrent corneal ulceration, over- 
growth of the cornea with a vascularized membrane, permanent corneal 
opacification, staphyloma of the cornea, persistent or exudative iritis, 
secondary glaucoma, cataract or symblepharon. 

Unlike the nonprogressive course of acid burns, alkali penetrates 
rapidly and deeply into the anterior ocular segment, and mucoid dis- 
appears from the involved corneal stroma. 

The possible causes and significances of leukocytic infiltrations into 
the cocnea, necrosis of the limbal blood vessels, overgrowth of the cornea 
with vascularized connective tissue, persistent corneal vascularization, 
recurrent ulceration and spontaneous clearing of the cornea are discussed 
briefly. 


Wilmer Ophthalmological Institute. 
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ANIMAL OPERATING EQUIPMENT FOR EXPERIMENTAL 
OCULAR SURGERY 


HERBERT M. KATZIN, M.D. 
NEW YORK 


M* ASSOCIATES and I were confronted with the problem of 
devising an operating setup for experimental surgery which 
would be suitable for operating on the eyes of small animals, particularly 
rabbits. The apparatus which I am about to describe was homemade, 
is rather simple in construction and has been very satisfactory. We 
felt that it would be worth while to offer this description. 

The table is made out of a rectangular slab of hardwood mounted 
on an elevating table. We used the elevating table of a Zeiss slit lamp, 
so that the swinging arm could also be utilized. All the parts that 
fasten to the hardwood table are easily removable, for cleaning. The 
animal is immobilized by means of four clamps which hold the paws, 
two side boards that lie alongside the flanks and a U-shaped neck 
piece. A hammer lamp mounted on a gooseneck is fastened to the side 
of the table in such position that the spotlight falls on the operative 
field. To the swinging arm of the elevating table is attached a metal 
crossbar, which supports a binocular dissecting microscope or a camera. 


DETAILS OF CONSTRUCTION 


The hardwood slab is 31 by 13 by % inch (78 by 33 by 1.9 cm.) and is 
provided with slots and holes that accommodate the removable parts. The 
clamps used to immobilize the paws are made crotch shaped, are lined with 
sponge rubber and lock shut by means of a metal hinge adapted for the purpose. 
These clamps are 1% by 1% inches (4.5 by 4.5 cm.) and 1 inch (2.5 cm.) thick, 
with inside measurements of 7% by 1% inches (2 by 3 cm.), and the round 
base peg is 7% inch in diameter. The neck piece is 3% by 3% by 1 inch (8 by 8 
by 2.5 cm.) in outside dimensions and 2% by 3 inches (5.4 by 7.6 cm.) in inside 
dimensions. The base of the neck piece locks into a slot in the hardwood table 
and is fastened with a hook and eye catch. A cord passes through slots on the 
free ends, to hold the neck of the rabbit. The side boards are 2 by 5% inches 
(5 by 13 cm.) and % inch (0.95 cm.) thick. They are fastened to the table 
with two 3 inch (7 cm.) nails, which slide into holes in the table and are locked 
in position with hook and eye catches. A cord is provided that passes over the 
side boards, to hold the body of the rabbit. 


This study was made under a grant from the Ayer Foundation. 


From the Corneal Research Laboratory of the Manhattan Eye, Ear and 
Throat Hospital. 
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Fig. 1.—Over-all picture, showing table, lamp and binocular microscope on 
the swinging arm. 
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Fig. 2.—Table top viewed from above, showing the circular hand 
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The position of the neck piece is stationary, as it that of the side boards, 
but the paw clamps may be shifted about into the holes provided, depending on 
the size of the animal. 

The head of the rabbit is immobilized with two U-shaped % inch (0.32 cm.) 
wires. The free ends of each wire are passed through holes in the wooden 
table, so the top holds the rabbit’s head. One is curved to fit along the back 
of the head; the other passes through the mouth like a bit and over the nose. 

An aluminum pan 7 by 12% by 2% inches (17.5 by 31.5 by 6 cm.) is sus- 
pended by a short chain beneath the upper end of the table, for waste material. 

To furnish a hand rest while the surgeon is operatmg, a three-legged, round 
aluminum table with a hole in the center is provided, which fits under the drape. 


Fig. 3.—A, animal in operating position, showing the wires that immobilize 
the head. 8B, hand rest in position. The drape is placed over this. 


This table is 6 inches (15.3 cm.) in outside diameter, 3% inches (9.9 cm.) in 
inside diameter and % inch (0.32 cm.) thick and is mounted on 2% inch (5.5 cm.) 
legs. 

Fixation of the rabbit's eyeball is achieved by passing four equidistant 0000 
braided silk atraumatic sutures through the limbus and winding them around 
cleats of an aluminum disk. This disk is 4% inches (10.8 cm.) in outside 
diameter, 24 inches (5.7 cm.) in inside diameter and %q inch (39 mm.) thick. 
These sutures effectively hold the eyelids out of the field, so that no lid retractor 
is necessary. 
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METHOD OF OPERATION 


The rabbit is completely immobilized on the table until it has been put to 
sleep with sodium pentobarbital injected intravenously, in a dose of approximately 
10 mg. per pound of body weight. Then the neck clamp is removed, and the 
two U-shaped wires are put into their respective positions, to hold the head. The 
operative area is then painted with a 1: 1,000 solution of zephiran chloride, and 
2 per cent solution of procaine hydrochloride is injected into the conjunctival 
surface of the lids and behind the eyeball. The hand rest is then put in place 
and the sterile sheet draped over the field. The fixation sutures are placed 


Fig. 4—Fixation of the eyeball by means of sutures passed through the limbus 
and fastened to cleats on the metal disk. This disk is supported by the hand rest 
under the drape. 


radially, superficially in the limbus, and wound around the cleats of the aluminum 
disk. 

The operator controls the position and focusing of the dissecting microscope . 
by means of a sterile rubber cap, which covers the focusing knob. 


COMMENT 


The use of local injection of procaine, as well as intravenous injec- 
tion of pentobarbital, has greatly improved our anesthesia. There 
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is great individual variation in the effect of intravenously administered 
anesthetics in rabbits; when we depended on them alone, too often the 
anesthesia was either too deep or too light. Our technic now is to use 
the barbiturate as a basal anesthetic and to rely-on procaine for complete 
blocking of pain sensation. These drugs are mutually antagonistic 
so far as any toxic effect is concerned. The lids are anesthetized, 
in order that they may be sewn together for protection when the opera- 
tion is completed. 

Our method of fixation of the eyeball was worked out for the 
cornea-grafting operation. These sutures are removed at the com- 
pletion of the operation, and they do no harm. If intraocular operation is 
to be performed, three, instead of four, such sutures can be used and 
they should be placed slightly farther back, beyond the limbus. For 
other types of operation, the sutures may be passed through the lids 
and the nictitating membrane instead. We use the sutures over and 
over, resterilizing them by soaking in antiseptic solution (zephiran 
chloride, 1: 1,000). 

SUMMARY 

Animal operating equipment and the methods used for experimental 

ocular surgery on the rabbit are presented. The equipment described 


has been used in hundreds of operations and has been entirely satis- 
factory in our hands. 


1148 Fifth Avenue. 
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SCOTOMA AS A COMPLICATION OF DECOMPRESSION 
SICKNESS 


RICHARD H. WHITTEN, A.B. 
BERKELEY, CALIF. 


a attention to physiologic disturbances on ascent to high alkti- 
tudes was directed to the effects of decreased partial pressure of 
atmospheric oxygen. The elimination of this factor with the use of 
modern oxygen equipment has disclosed new aspects of the situation no 
less serious in the development of full utilization and effectiveness of 
present and future aircraft in war and commerce.* 


When men are exposed to low barometric pressures equivalent 
to altitudes greater than 25,000 feet (7,500 meters), symptoms of decom- 
pression sickness frequently appear. These symptoms become com- 
moner and severer with increases in altitude and physical activity * and 
are not due to inadequate oxygen content of the inspired air. The 
commonest symptoms are joint pains (aviator’s “bends’’), thoracic 
symptoms (“chokes”), headache, abdominal gas pain, hyperventilation, 
muscular pain, dizziness and syncope; neurocirculatory postflight reac- 
tions also occur.* Any of these symptoms may prove disabling. 


From the Aero Medical Unit of the Division of Medical Physics and Medi- 
cine, University of California. 

The work described in this paper was done under the direction of Dr. J. H. 
Lawrence, under a contract recommended by the Committee on Medical Research, 


between the Office of Scientific Research and Development and the University 
of California. 


1. Lawrence, J. H.: Aviation Medical Problems with Special Reference to 
Altitude Pain, J. Nerv. & Ment. Dis. 99:703-711 (May) 1944. 

2. Cook, S. F.; Williams, O. L.; Lyons, W. R., and Lawrence, J. H.: 
A Comparison of Altitude and Exercise with Respect to Decompression Sick- 
ness, War Med. 6:182-187 (Sept.) 1944. 

3. Engle, G. L.; Webb, J. P.; Ferris, E. E., Jr.; Romano, J.; Ryder, H., 
and Blankenhorn, M. A.: A Migraine-Like Syndrome Complicating Decom- 
pression Sickness, War Med. 5:304-314 (May) 1944. 

4. (a) Bridge, E. V.; Henry, F. M.; Cook, S. F.; Williams, O. L.; Lyons, 
W. R., and Lawrence, J. H.: Decompression Sickness, J. Aviation Med. 15: 
316-327 (Oct.) 1944. (b) Bridge, E. V.; Henry, F. M.; Williams, O. L., and 
Lawrence, J. H.: “Chokes”: A Respiratory Manifestation of Aeroembolism in 
High Altitude Flying, Ann. Int. Med. 22:398-407 (March) 1945. (c) Goggio, 
A. F., and Houck, G. H.: Physiologic Abnormalities and Pathologic Changes 
Following Exposure to Simulated High Altitudes, War Med. 7:152-156 (March) 
1945. 
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In addition, defects in the field of vision during and after exposure 
are sometimes observed: Negative scotoma (an area of complete 
absence of vision without irritative phenomena, such as color and lights) 
ordinarily appears first. Later there is a positive scotoma, involving 
white or colored dancing spots; shimmering, wavy lines, and the like 
(scintillating scotoma). After increasing in intensity, the scotoma 
invariably recedes peripherally, and contralateral headache usually 
follows. The visual symptoms occur at altitude or after descent; 
invariably they occur with or after “bends” or “chokes.”* Recent 
British work on the subject has been reported by Livingston.* Casual 
observations have been made in this laboratory, and 3 cases have been 
recorded in an unpublished report by Atkinson.* In order to add to the 
number of observed cases and to suggest the importance of certain 
observations not previously emphasized, this report is presented. 


METHOD 


In this study, 41 medical students from 20 to 29 years of age were exposed 
to lowered barometric pressure in a decompression chamber a total of 100 times. 
Ascents were to simulated altitudes of 35,000 and 38,000 feet (10,600 to 11,500 
meters) at a rate of 3,000 feet (900 meters) per minute. Since comparison of 
the results obtained at the two altitudes disclosed no significant differences, no 
separation of the groups will be made. Pure oxygen was supplied from a 
pressure line through constant flow masks at altitudes above 10,000 feet (300 
meters). Exposure to high altitude lasted ninety minutes unless symptoms were 
so severe that earlier descent was necessary for reasons of safety; such subjects 
were returned to normal pressure in an airlock. Since other aspects of high 
altitude physiology were being simultaneously investigated, various arm and leg 
exercises were performed by the subjects while at altitude. 

Central visual fields were charted on a 1 meter, 35 degree field Bjerrum 
screen with a 3 mm. white test object before ascent and at ten minute intervals 
after descent. Ophthalmoscopic observations on the fundi were made imme- 
diately after descent, with special emphasis on comparison of the retinal vessels 
with their preascent state. 

OBSERVATIONS 


Of the 100 observed ascents, 37 involved descent to sea level 
because of “bends” or “chokes” and related symptoms. In 4 ascents 
the subjects were removed from the chamber for such disqualifying 
reasons as gas pains, while in the remaining 49 ascents no symptoms 
occurred severe enough to make descent advisable before the regular 
termination of the run. 

Visual disturbance, scotoma or headache occurred only as a result 
of ascents terminated by severe decompression sickness. Of these 37 


5. Livingston, P. C.: Visual Problems of Aerial Warfare, Lancet 2:67-73 
(July 15) 1944. 

6. Atkinson, M.: The Effects of High Altitude on the Visual Apparatus, 
Anatomy Records (unpublished), University of California, November 1944. 
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ascents, 18 resulted in symptoms of visual disturbance or headache 
(table 1). Of these 18 ascents, 4 involved blurred vision for several 
hours, and 14 ascents, headache of twenty minutes to forty-eight ‘hours’ 
duration, after descent (table 1). On 7 of these runs (5 men on 7 of 
11 ascents) scotomas were manifested after descent, and on 1 other 
ascent (1 man, 1 of 4 ascents) symptoms which were presumably 
scotoma disappeared suddenly on descent to 9,000 feet (2,700 meters). 
All these subjects reported headache after descent. 


TABLE 1.—Visual Symptoms and After-Effects 


Visual Symptoms No. of Ascents 


Visual After-E ffects 


Headache 


ton 


The scotomas were characteristically bilateral and homonymous but 
not congruous; they disappeared by drifting at various speeds across 
the field in a generally counterclockwise, centrifugal manner, to leave the 
periphery of the 35 degree tangent screen in ten to forty-five minutes, 
rather smaller in diameter. Two men reported disturbances in the 
right field at altitude, and similar defects were charted in the left field 
after descent. One man manifested a monocular scotoma, which shrank 
and disappeared without moving. 


TABLE 2.—Incidence of Symptoms 


Percentage 
In 40 instances of 
In 20 instances of | 


The field defects, when first charted, varied in size from about 5 by 
10 degrees to 15 degrees in width and extended through a full half of 
the binocular field, exclusive of the macular area. While the defects 
were usually of the same general size and position in the fields of the 
two eyes, they were not identical. In 1 case two separate defects were 
manifested in the left upper quadrant of the left field, while the right 
field showed one defect in each of the upper left, upper right and lower 
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right quadrants. In 2 other cases small scotomas, isolated from the 
chief defect, were manifested in the field of one eye which could not be 
demonstrated in the field of the other eye. In no case did a scotoma 
approach closer than 5 degrees to the fixation point. 

No significant changes in the physiologic blindspot were mani- 
fested with the target used. 

Ophthalmoscopic examination disclosed nothing significant in the 
media, fundi or pupillary reflexes. 


COMMENT 


The following significant characteristics of these scotomas were 
noted: (1) bilateral homonymous, incongruous type; (2) consistent 
sparing of the macular area; (3) disappearance by centrifugal drifting, 
with diminishing size, and (4) frequent involvement of both horizontal 
and vertical hemifields. 

Localization of a single lesion which could be justified in view of the 
several factors which must be considered is difficult. The drifting nature 
of the field defect suggests local anoxia due to a vascular defect. That 
this is aeroembolism or local vasoconstriction due to direct irritation by 
nitrogen bubbles is not acceptable because the scotomas often develop 
during or after descent; and when onset was at altitude the subjective 
severity, with a single exception, increased, rather than decreased, with 
descent. This is, of course, in contradistinction to the symptoms of 
“bends,” which are relieved to a notable degree by small increases in 
atmospheric pressure. That toxic products liberated elsewhere and 
carried in the blood stream (an occurrence which has been suggested as 
a factor in the production of decompression sickness) could cause local 
angiospasm is a possibility already suggested.* 

Location of the lesion in the .retinal vessels is not easily compatible 
with the generally homonymous character of the scotomas or with the 
lack of observable ophthalmoscopic signs. The known high susceptibility 
of cortical tissue to anoxia, the larger macular and paramacular areas of 
representation in the cortex and the peripheral, rather than central, 
drifting of the field defect suggest a location in the calcarine cortex. 
Inconsistent with this, however, is the continuity of the defect across 
the vertical midline. Progression of the scotomas through as much as 
270 degrees of the field has been noted, and that this is of frequent 
occurrence not only is indicated by our observations but is confirmed 
by reference to illustrations accompanying previous reports. Only a 
chiasmic lesion, not compatible with other observed signs, seems to 
explain this phenomenon. The danger to life of interference with 
cerebral vascular supply is self evident; yet, as has been pointed out,* 
deaths in many thousands of ascents have been extremely rare. 
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It is felt that correlation of the visual phenomena with other observed 
reactions of the central nervous system and study of the basic mechanism 
of decompression sickness as a whole are necessary to a satisfactory con- 
sideration of the visual phenomena. 

The correlation between appearance of scotomas and migraine 
observed by Engel and his co-workers * and by Livingston ® was not 
noted in this series, since but 1 of the 5 men had a history, personal or 
familial, of migraine or possible migraine. 


SUMMARY 


Central visual fields were charted for 41 men on 100 ascents. Of 
this number, 28 men on 37 ascents suffered from decompression sickness. 

Ten men on 18 of 34 ascents manifested various visual symptoms 
or headache. 

Five men on 7 of 11 ascents manifested scotomas. One man on 
1 of 4 ascents had a probable scotoma, which disappeared during 
descent. 

There was no correlation of the occurrence of scotoma and a 
history of migraine. 

Significant characteristics of the scotomas were: (1) bilateral 
homonymous, incongruous type, (2) macular sparing, (3) peripheral 
drifting and (4) continuity across the vertical midline. 

Identification of the causative lesion is not at present possible. 


University of California, Donner Laboratory (4). 
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Clinical Notes 


INSTRUMENT FOR LOCATING RETINAL RUPTURES DURING OPERATION 
A. HAGEDOORN, M.D., AMSTERDAM, NETHERLANDS 


T is necessary to check the supposed projection of a retinal rupture, 
or tear, on the surface of the sclera during the operation. This is 
done either with pupillary or with scleral transillumination. In using 
the latter method, I found Goldmann’s? instrument very satisfactory. 
It consists of a small metal cover with tiny, sharp teeth, which, 
with a rotating movement, fix the cover to the sclera. Subsequently, 
a very small electric lamp is inserted in it. The light of this little 
lamp is completely masked by the metal cover, except for the beam 
passing through a small hole in the flat surface of the metal cover, 
adjacent to the sclera wall, which can be detected ophthalmoscopically. 


Fig. 1—Drawings showing the instrument for locating retinal ruptures during 
operation. 


The relative position of the spot of light of the transilluminator and 
the rupture indicate the error in localization, which with this method 
can easily be estimated and corrected. 


Though this method proved to be excellent in many cases, it requires 
a skilled and careful assistant because of the following disadvantages: 
First, the eye must be brought into position for ophthalmoscopic exam- 
ination with another instrument, the forceps; second, the metal cover 
may become detached from the sclera; third, the fixation of the little 
instrument is not always easy, and a few adjustments may take 
much time. 


1. Goldmann, H.: Ein einfachcs Instrumentchen zur exakten Netzhautloch- 
lokalisation, Klin. Monatsbl. f. Augenh. 97:254, 1936. 
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Various instruments have been made by the instrument maker 
Burghardt to do away with these disadvantages. Finally, the instru- 
ment, as shown in figure 1, was devised and proved satisfactory. 

Like Goldmann’s instrument, the size of the hole is about 0.8 mm. 
The fine needles are easily and safely anchored in the sclera. A forceps 
is not necessary, and the instrument is even more safely fixed to the 
scleral wall as the bulbus is rotated into position for ophthalmoscopic 
inspection. The assistant has only to take care that the wing of the 
instrument is directed toward the center of the cornea and that the 
flat side of the wing is parallel with the axis of the eye. Thus the 
instrument itself is an additional aid in estimating the situation of 
the meridian of the hole. To detect the projection of a hole at the 
posterior pole, a somewhat longer instrument was made (fig. 2), and 
my colleague and I have a number of such in the operating room, 
of various curvatures, lengths and sizes of openings, through which 
the eye is transilluminated. Generally we use the instrument shown 
in figure 1. We also had a model which was open at the end, so 


Fig. 2—Instrument for detection of a hole at the posterior pole. 


that it illuminated a larger part of the fundus, but in 1 case this gave 
rise to confusion, since a detached retina makes observation less accurate. 

In a case of neglected perforating injury, in which a small piece 
of iron had been firmly fixed in the sclera for many months and 
could not be removed with the giant magnet, the open model was used. 
The beam of light from the open end of the transilluminator was 
brilliantly seen, since there was no complicating detachment of the 
retina, and the small round light spot was separated from it by a small, 
dark streak. With a change in the position of the localizer, a spot 
could be found in which the small round light was invisible, the hole 
in the metal cover lying exactly on the small piece of iron. During the 
operation the iron was found precisely at that point, so that the opera- 
tion took little time and was very simple. 


CLOSTRIDIUM WELCHII PANOPHTHALMITIS 
Report of a Case 


CAPTAIN BERTRAM CAPUS, MEDICAL CORPS, ARMY OF THE UNITED STATES 


LOSTRIDIUM (Bacillus) welchii panophthalmitis is a rare infec- 
tion of the eye. The last report in the literature, by Walker,’ 
mentioned 12 previous cases and presented an adequate review of the 


1. Walker, S., Jr.: Prognosis of Bacillus Welchii Panophthalmitis, Arch. 
Ophth. 19:406 (March) 1938. 
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literature. The following new case of Cl. welchii panophthalmitis is 


REPORT OF CASE 


A soldier aged 28 was injured on Feb. 24, 1945 by the explosion of a wooden 
mine. Examination at the evacuation hospital revealed multiple superficial 
lacerations of the face and a penetrating injury of the left eye. His facial 
wounds were debrided and sutured, and a dressing was applied to his left eye. 
He was prepared for evacuation to a general hospital for further treatment. 


February 26.—The patient arrived at the general hospital, less than forty- 
eight hours after the injury. During this period he had received 160,000 units 
of penicillin intramuscularly and 1 Gm. of sulfadiazine every four hours. Exami- 
nation on admission revealed that the patient was in severe pain and was 


dehydrated and toxic, with a temperature of 102 F. and a pulse rate of 100 per 
minute. 


Left Eye: There was no light perception or projection; the globe was 
immobile, proptosed and extremely tender, and there were pronounced chemosis 
and edema of the lids, making adequate examination impossible. 


Right Eye: Vision was 20/40. Numerous subconjunctival foreign bodies 
and corneal abrasions were noted. Examination of the interior of the eye 
revealed no foreign bodies or hemorrhages. 


The patient was prepared for operation the following morning by intra- 
venous administration of fluids, sedation for pain and administration of 20,000 
units of penicillin every three hours and 1 Gm. of sulfadiazine every four hours. 


February 27—On examination, with the patient under sodium pentothal 
anesthesia, the left eye showed marked chemosis and proptosis, and the cornea 
was cloudy, with a horizontal laceration, 3 mm. long, extending nasally to the 
limbus ; its edges gaped slightly, but there was no prolapse of the ocular contents. 
Slight pressure on the cornea resulted in a gush of coffee-colored exudate and 
gas with a characteristic odor. Evisceration was performed, and within the 
liquefied necrotic contents was found an irregular piece of wood, measuring 
3 by 3 by 5 mm. No lens or uvea could be recognized as such. Material was 
taken for culture and identification of the organism, and the wound was left 
open. The right eye showed no change from the previous examination. The 
sutured facial wounds were infected and were opened, and the same coffee- 
colored exudate was found in them. Material was taken for culture. 


Postoperative Course—The patient was given 180,000 units of tetanus—gas 
gangrene antitoxin intravenously. Within twenty-four hours the temperature 
returned to normal and he was free from systemic signs of toxicity. Within ten 
days all exudation from the scleral cavity ceased, and the facial wounds healed 
by secondary intention. A delayed closure of the conjunctiva was performed, and 
healing occurred without complications. 


Laboratory Studies—Smears and cultures revealed a gram-positive bacillus, 
with all the cultural and morphologic characteristics of CL welchii. 
COMMENT 
In this case it is of interest to note that Cl. welchii infection occurred 


despite the early systemic use of penicillin and sulfadiazine. Light is 
thrown on this type of infection and its failure to respond to the therapy 
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employed by the following experimental work: Von Sallmann? and 
Chiazzaro,*? working with rabbits, showed that Cl. welchii panophthal-. 
mitis can be produced only by injection of the organisms into the lens 
or the vitreous. Injection into the anterior chamber produces only 
transitory iritis. The work of Bellows and Chinn * and von Sallmann 
and associates ®° has shown that both the sulfonamide compounds and 
penicillin fail to enter the vitreous in any appreciable quantity. 


CONCLUSION 
Another case of Cl. welchii panophthalmitis is presented for record. 
Cl. welchii panophthalmitis is probably rare, for the organism must 
be introduced into the lens or the vitreous to set up panophthalmitis. 
The prophylactic use of systemically administered penicillin and the 
sulfonamide compounds is of questionable value because of the failure 
of these drugs to enter the vitreous in appreciable quantities. 


1749 Grand Concourse, New York. 


2. von Sallmann, L.: Penicillin and Sulfadiazine in the Treatment of 
Experimental Intraocular Infections with Staphylococcus Aureus and Clostridium 
Welchii, Arch. Ophth. 31:54 (Jan.) 1944. 

3. Chiazzaro, D.: Les infections oculaires par microbes anaérobies, Ann. 
d’ocul. 169:953 (Dec.) 1932. 

4. Bellows, J., and Chinn, H.: Penetration of Sulfathiazole in the Eye, 
Arch. Ophth. 25:294 (Feb.) 1941. 

5. von Sallmann, L.; Meyer, K., and Di Grandi, J.: Experimental Study of 


Penicillin Treatment of Ectogenous Infection of the Vitreous, Arch. Ophth. 32: 
179 (Sept.) 1944. 


News and Notes 
Epitep By Dr. W. L. BENEDICT 


GENERAL NEWS 


The Treacher Collins Prize Essay.—Under this title, the Council 
of the Ophthalmological Society of the United Kingdom has instituted 
a prize of £100, awarded triennially, for the best essay submitted 
on a subject selected by the council. 

The prize shall be open to qualified medical practitioners of any 
nationality. 

The essay shall be written in the English language. 

The subject for the next award of the prize is “Nutritional Eye 
Disease.” 

The closing date for sending in essays for this award is Dec. 31, 
1947. Essays should be submitted to the honorary secretary, 
Ophthalmological Society of the United Kingdom, 5 Racquet Court, 
Fleet Street, E.C.4, London, from whom also any further particulars 
can be obtained. No name should be on any essay, but a distinguish- 
ing pseudonym or quotation should be used. This should also appear 
on a sealed envelope containing the candidate’s name and address. 
This envelope should accompany the essay. 
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Correspondence 


THIAMINE (VITAMIN B:) IN OPHTHALMOLOGY 


To the Editor:—Not until in March 1946 did I, living in now 
liberated Netherlands, enjoy the opportunity of reading the American 
medical periodicals ; therefore, the interesting note, entitled “Thiamine 
(Vitamin B,) in Ophthalmology,” by Dr. V. Everett Kinsey, pub- 
lished in the Arcuives (26: 129-130 [July] 1941), has not come to 
my attention until now. 

Unfortunately, there seems to be some misunderstanding about my 
findings, on the one hand, and the results obtained by other investi- 


gators, on the other. To clarify these apparent contradictions, and. 


to enable the American reader to compare my statements with what 
Kinsey believes to be my statements, I wish to translate a few sentences 
from my papers published in 1938. In Archives d’ophtalmologie (2: 108 
[Feb.} 1938) I wrote: 


Nous basant sur un grand matériel de cristallins fort différents, nous 
avons pu aisément trouver la quantité en vitamine B1 contenu dans un seul 
cristallin. . . . Dans ces conditions, il est naturellement impossible de doser 
la vitamine B1 dans un seul cristallin, qwil soit normal ou pathologique (On the 
basis of a large number of lenses of various types, we were able to calculate the 
amount of vitamin B: present in an individual lens. . . . Under our working 
conditions, of course, it was impossible to determine the vitamin B: content of a 
single lens, whether normal or not). 


Furthermore, in Ophthalmologica (96:219 [Jan.-Feb.] 1938) 
I concluded : 


a dass in kataraktésen Linsen das Aneurin fehlen muss, weil sie eine 
Brenstraubenanhaufung aufweisen. Ich habe mich damals auf diesen indirekten 
Nachweis beschrankt, weil der Aneuringehalt normaler Linsen so ausserordentlich 
gering ist, dass es einstweilen unmdglich erscheint, an einer einzigen Linse seinen 
Nachweis zu fiithren. Ich schitzte in meiner ersten Arbeit iiber diesé Fragen den 
Aneuringehalt einer normalen Linse auf etwa 0,00 Ivy (. . .. that, owing to the 
amount of pyruvic acid in the cataractous lens, there can be no thiamine present 
in these lenses. I had to restrict my conclusions to this indirect way because of 
the extremely low thiamine content of normal lenses. This low amount pre- 
cludes, for the time being, the chemical demonstration of thiamine in an indi- 
vidual lens. I felt justified, however, in estimating in my first paper the 
thiamine content of a normal lens at approximately 0.001 microgram). 


From these cautious estimates Kinsey got the impression that 
“Veasey reported Fischer’s finding of what would appear to be an 
incredibly small amount of thiamine in the lens, viz., 0.001 microgram. 
For the detection of thiamine Fischer employed Jansen’s method. . . . 
Jansen could detect as little as 1 microgram. . . . It is not clear 
how . . . Fischer could detect . . . a quantity of thiamine one- 
thousandth the minimum Jansen reported for pure solutions.” 
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Kinsey wrote, furthermore, that I stated “that the results were in 
good agreement with those of Goudsmit and Westenbrink, who found 
7 to 13 micrograms of cocarboxylase in the liver, and that ‘the values 
for the lens are not so extremely small, if one must take into account 
the difference in weight between the lens and liver.’ Fischer would 
have been less misleading had he mentioned that his comparison of 
the weight of the lens and liver and their relative cocarboxylase conent 
was based on the lens of an ox (2.5 Gm.) and the liver of a rat (10 
Gm.) !” 

Here, again, my statements (Ophthalmologica) differ greatly from 
what Kinsey believed to be my opinion. This will become clear if 
one notes what I wrote: 


. und steht gut im Einklang mit den Festellungen von Goudsmit und 
Westenbrink, welche 2.B. in der Leber 7—13y Co-Karboxylase und nur 0,6—1,8y 
Aneurin fanden, im Muskel I,5—5y Co—Karboxylase und nur 0,1—0,5y Aneurin, 

Ich fiihre diese Zahlen an, um zu illustrieren, dass die Werte fiir die Linse gar 
nicht so extrem niedrig sind. Man denke an die Gewichtsdifferensen swischen 
Linse und Leber oder Muskel und vor allem an die Unterschiede im Umfang des 
funktionierenden Plasmas dieser Organe (. . . and satisfactorily agrees with 
the results obtained by Goudsmit and Westenbrink, who, for instance, found in the 
liver 7 to 13 micrograms of cocarboxylase and only 0.6 to 1.8 micrograms of 
thiamine and in the muscle 1.5 to 5 micrograms of cocarboxylase but only 
0.1 to 0.5 microgram of thiamine. I mention these figures for the purpose of 
demonstrating that the amounts found in the lens are not extraordinarily low. 
One must consider the differences between the weight of the lens, on the one 
hand, and muscle and liver, on the other, and even more the differences in the 
volume of functioning protoplasm in these organs). 


When Kinsey wrote “that thus the therapeutic implications ( Fischer ) 
drawn from its alleged absence in cataract are without foundation,” 
I have to state that I never mentioned any therapeutic implications 
and, therefore, that implications drawn from the absence of vitamin B, 
in cataract are not my implications. 


F. P. Fiscuer, M.D., Utrecht, Netherlands. 
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Obituaries 


JAMES WATSON WHITE, M.D. 
1877-1946 


James Watson White was born in New Hamburg, N. Y., and died in 
Montclair, N. J., on May 15, 1946, at the age of 69 of a cerebral 
hemorrhage, after an illness of five days. He was the son of Richard 
Watson White and Sarah Celina Myers White. After receiving his 
preliminary education at Mount Beacon Military Academy, at Beacon, 
N. Y., he taught school in his native Dutchess County for five years 
before attending Albany Medical College, from which he received his 
degree in medicine in 1905. He then spent eight years in general prac- 
tice in New York before specializing in the diseases of the eye. In 
1914 he began an association with the late Dr. Alexander Duane, which 
continued until the latter’s death, in 1926. It was through Dr. Duane’s 
stimulus that he became interested in “the anomalies of the extraocular 
muscles,” a field to which he devoted a greater part of his time. During 
the last fifteen years his practice was largely limited to consultations 
and surgical treatment in this phase of ophthalmology. Through his 
teachings and writings he became widely known, and his students 
came from far and near to learn from him the intricacies of this complex 
subject. He was an expert diagnostician, with a practical viewpoint, 
and his large experience enabled him to cope with the most complicated 
“muscle case” in a highly satisfactory manner. His lack of showman- 
ship, his honesty and his geniality won for him a host of loyal and 
devoted friends among his students. Teaching was his love, and he did 
it well, for he expounded in simple terms the theories and practice of 
his preceptor. He did more than any one man to popularize the teach- 
ings of Duane, and to him must be given the credit for stimulating wide- 
spread interest among ophthalmologists in the subject of ophthalmic 
myology. Surgical problems connected with anomalies of the inferior 
oblique muscle were always of great interest to him, and one of his 
earliest articles was entitled “Tenotomy of the Inferior Oblique Muscle” 
(New York State J. Med. 20: 156, 1920). In line with this work, he 
recently proposed that the effect of recession of the insertion of the inferior 
oblique muscle could be better gaged (Surgery of Inferior Oblique at or 
Near the Insertion, Am. J. Ophth. 26: 586 [June] 1943), an operation 
which is now being tried out. 

Dr. White had been on the staff of the New York Post-Graduate 
Medical School and Hospital of Columbia University since 1919. He 
became associate professor of clinical ophthalmology in 1934 and 
remained in that position until 1939, when he was made professor of 
clinical ophthalmology and executive officer of the department of 
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ophthalmology. Although he was beyond the age of retirement, owing 
to the exigencies of the war, he consented to continue to serve in this 
capacity. 

During his career in ophthalmology he served on the staff of the 
New York Eye and Ear Infirmary, was chief of clinic and instructor of 


JAMES WATSON WHITE, M.D. 
1877-1946 


ophthalmology in the Medical Department of Columbia University and 
was one of the attending surgeons at the Herman Knapp Memorial 
Hospital. He resigned his surgeonship at the last institution in 1933 
to allow himself more time for his teaching. At the time of his death he 


| 


JAMES WATSON WHITE 233 


was consultant in ophthalmology to the Roosevelt Hospital, New York; 
the Mountainside Hospital, Montclair, N. J.; the Essex County Hos- 
pital for Contagious Diseases, Belleville, N. J.; the Newark Eye and 
Ear Infirmary, Newark, N. J., and the Brooklyn Eye and Ear Hospital, 
Brooklyn. 

He was a member of the American Medical Association; the New 
York State and County Medical Society ; the American Ophthalmological 
Society; the American Academy of Ophthalmology and Oto-Laryng- 
ology; the Orange Clinical Society, Orange, N. J.; the New York 
Ophthalmological Society, and the New York Academy of Medicine, 
being chairman of its Section of Ophthalmology in 1938-1939. 

He was an enthusiastic bass fisherman, whose skill at casting was 
the envy of all his companions. As a bridge player he was a keen com- 
petitor, and on the dancing floor he was thoroughly at home; so it can 
be seen that he was an all around man, whose love of ophthalmology did 
not limit his outside activities. 

By those of us who knew him well his memory is cherished, not only 
because of his professional attainments, but also because of his lovable 
nature. He was a considerate and true friend, with a kindly heart, whose 
joviality and good fellowship endeared him to all. 

He is survived by his widow, Margaret McClellan White; a daughter, 
Betty White, and a sister, Mary D. White. 


Joun H. Dunnineton, M.D. 
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Abstracts from Current Literature 


EpiteEp By Dr. WILLIAM ZENTMAYER 


General Diseases 


SJOGREN’s SYNDROME, EspEcIALLY Its NoN-OcuLaArR FEATuREsS. F. P. 
Wester, Brit. J. Ophth. 29: 299 (June) 1945. 


The Sjogren syndrome in its complete form includes keratocon- 
junctivitis sicca, xerostomia, rhinitis sicca, pharyngitis sicca and laryn- 
gitis sicca. It is, however, far more often incomplete. Weber reports 
several cases and discusses certain points in differential diagnosis. An 
abstract of the author’s summary and conclusions follows. 

An endeavor has been made to show of what great value Sjogren’s 
ophthalmologic writing is for departments of medicine not especially 
connected with the eyes. Sjdgren’s syndrome is one of a group of 
syndromes or diseases especially affecting the female sex, including 
exophthalmic goiter, lymphadenoid goiter, so-called lipody strophia pro- 
gressiva superior, idiopathic hypochromic microcytic and _ simple 
achlorhydric anemias and perhaps ulcerative colitis. According to Joll, 
there are 9 women to 1 man in England with exophthalmic goiter. The 
greatest incidence occurs in the third decade of life. In Continental 
countries the proportion of men is higher. Lymphadenoid goiter is 
little known on the Continent, but a number of cases have been seen 
in England by Joll. Though the etiologic agent in Sjogren’s syndrome, 
or disease, has not been discovered, it appears not to be an avitaminosis, 
but rather, to be of a chromic inflammatory nature and mainly to affect 
females, usually at or after the climacteric. Its manifold and generalized 
manifestations, especially in regard to the saliva and the tear-and 
sweat-producing glands and the glands of the gastrointestinal canal, 
can, Weber thinks, be explained only by a derangement of the vegetative 
nervous system, sometimes connected, perhaps, with structural or 
functional changes in the female sexual system. There may be a 


neuropathic predisposition. W. ZENTMAYER. 


Injuries 
INJURIES TO THE EYES OR TO THE INTRA-CRANIAL VISUAL PATHS IN 


Arr Rarp CASUALTIES ADMITTED To HospitTaLt. P. M. BLAKE, 
Brit. J. Ophth. 29: 1 (Jan.) 1945. 


Of 8,833 persons exposed to risk within 100 feet (30 meters) of 
the explosion in 480 high explosive bomb incidents, 0.75 per cent were 
admitted to the hospital with injuries to the eyes or to the visual paths. 
In terms of all persons with nonfatal injuries who were treated as 
inpatients, the proportion with injuries to the eyes or to the visual 
pathways was 9.6 per cent. 
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Forty-four per cent of the “eye” casualties lost the sight of one or 
both eyes or suffered impairment of vision (i.e., 0.33 per cent of per- 
sons exposed to risk, or 4.2 per cent of casualties admitted to the hospital 
with injuries of all types). About 80 per cent of the “eye” casualties 
were injured by flying debris (0.18 per cent of persons exposed to risk 
and 2.3 per cent of casualties treated in the hospital suffered loss or 
impairment of vision as a result of such injuries). The proportion of 
direct injuries to the eye caused by flying debris was higher in parachute 
mine incidents than in explosions due to smaller bombs. The direct 
impact of the blast wave did not cause any injuries to the eyes in this 
series of casualties. Besides the patients with injuries to the eyeball, 
15 per cent suffered from ocular injury or injuries to the intracranial 
visual paths as a result of fracture of the vault of the skull or of the 


orbital bones. W. ZENTMAYER. 


CATARACT PRopUCED By ELEcTRIC CURRENT. E. CAmpos, Rev. brasil. 
de oftal. 3: 21 (Sept.) 1944. 


Notwithstanding the widespread use of electricity in industry and 
in the home, only a few cases of cataract produced by electric current 
have been reported. 

According to Bellows and Chinn, up to 1941 about 80 such cases 
had been described in the literature. Campos describes 2 more cases, 
observed in the service of Dr. Joaquim Vidal, of Rio de Janeiro. 
A third case is described in detail. The patient, a man aged 61, when 
working with a 15.75 volt transformer of 22 amperes for a current 
of 220 kilowatt, 110 volt current, inadvertently touched a live wire and 
received a shock, falling unconscious, with his forehead pressed to 
the wire. He remained unconscious for three hours, but after a few 
days’ treatment he recovered almost completely. He noted, however, 
progressive decrease in vision, beginning in the left eye and then appear- 
ing in the right eye. Two months before examination he became 
totally blind. 

Examination showed slight ectropion of the lower lids, with slightly 
everted lacrimal puncta. There were no corneal cicatrices. Extrinsic 
motility was normal. The pupils reacted well to light and in convergence. 
Complete bilateral cataract of a whitish gray color was noted. Light 
perception and projection were good. Operation was performed. 

The author discusses various theories presented in the literature 
regarding the pathogenesis of cataract due to electric current, none of 
which are entirely satisfactory. The question is still open to discussion. 


M. E. ALvaro. 


RESULTS OF SURGICAL AND CONSERVATIVE TREATMENT OF PERFORATING 
WowuNps OF THE Eye. F. Yuserova, Vestnik oftal. 23: 24, 1944. 


Yusefova applied combined surgical and conservative treatment to 
infected wounds, in both industrial and military injuries of the eye. 
The physicochemical part consisted in galvanocautery of the lips of 
the wounds and the use of sulfanilamide powder and the surgical 
measure in use of a conjunctival flap, according to the Kunt method. 
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For very serious wounds protein therapy and intravenous injections of 
40 per cent methenamine were also employed. 

One hundred and forty cases (with no intraocular foreign bodies) 
were analyzed. In 70 of these cases the aforementioned method was 
used; in the others only conservative treatment was applied—applica- 
tion of drops or ointment (with removal of the prolapsed tissues). In 
the two groups the injury was of about the same seriousness ; infection 
set in in about half of the cases in either group. 

In summing up the results, Yusefova concludes that combined surgical 
and conservative treatment of severe perforating wounds of the eye- 
ball has decreased the number of enucleations from 20 to 8.6 per cent 
and that visual acuity was brought up to nearly twice that obtained 
in cases in which the conservative treatment only was used. 

The results were better the earlier after the injury the treatment was 
started. O. SITCHEVSKA. 
Lacrimal Apparatus 


HEMORRHAGE COMPLICATING DACRYOCYSTORHINOSTOMY: ITs Propuy- 
LAXIS AND TREATMENT. M. LorentTA Buesa, Arch. Soc. oftal. 
hispano-am. 4:48 (Jan.-Feb.) 1944. 


Hemorrhage during and after the operation is fully discussed. The 
author gives his views and those of many European authorities. He 
reports 39 cases of his own in which hemorrhages occurred. He comes 
to the following conclusions: Hemorrhage is the most dreaded com- 
plication of the operation, comparable to infection following cataract 
extraction. The best means of avoiding hemorrhage is preoperative 
estimation of the bleeding and coagulation times and deferment of 
operation until these factors are normal. The trephining of the bone 
must be done as far anterior and as high as possible, to avoid the 
erectile zone of the turbinate process and the ethmoid cells; the nasal 
mucous membrane must be completely sutured. Use of the diathermy 
knife for the incision is convenient. The postoperative treatment of 
serious hemorrhages from the nasal mucous membrane generally fails. 


Prophylaxis should be observed. H. F. Carrasguttto. 


Neurology 


PoLYCYTHEMIA AS A NEUROSURGICAL ProBLEM. J. H. Drew and F. C. 
Grant, Arch. Neurol. & Psychiat. 54:25 (July) 1945. 


From an extensive review of the literature, which is well sum- 
marized in the article, the authors found reports of 17 cases of polycy- 
themia in which the optic disks showed changes which might be con- 
sidered as papilledema, or choked disk. They conclude that the 
occurrence of a true expanding intracranial mass lesion with polycy- 
themia is rare but that the incident occurrence of papilledema and poly- 
cythemia is somewhat more common, but not so frequent an association 
as casual comments in the literature would lead one to suspect. They 
state that polycythemia with papilledema must be considered as a 
possible diagnostic and operative problem for the neurosurgeon. 


S. R. Irvine. 
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AcuTE CorTICAL BLINDNESS WITH RECOVERY: Report OF A CASE. 
J. C. Yasxin and E. B. Spaetu, Arch. Neurol. & Psychiat. 54: 70 
(July) 1945. 

Because most cases of cortical blindness terminate fatally, the 
authors report a case deemed unusual because of its recovery. The 
patient became completely blind after evidence of subarachnoid hemor- 
rhage. The neurologic abnormalities included a rigid neck and a 
bilateral Kernig sign; there were no other localizing signs. The pupils 
were large, round and central and reacted promptly to light and con- 
sensually. The fundi showed a moderate degree of arterial hyper- 
tension, with one small hemorrhage just over the macula of the right 
eye. In the two weeks following the patient’s admission to the hospital, 
he gradually recovered from the glomerulonephritis and had a satis- 
factory return of eyesight, without any changes in the retinas. 

It was felt that this man had bilateral cortical blindness. Con- 
sidering the sudden onset, the lesion was probably due to a disturbance 
of both posterior cerebral arteries or, more likely, of the basilar artery 
at its bifurcation into the two posterior cerebral arteries. In view of 
the spontaneous subarachnoid hemorrhage, a rupture of a_ small 
aneurysm was deemed a likely process, although embolism could not 
be definitely ruled out. S. R. Invine. 


LOcCALIZING VALUE OF TEMPORAL CRESCENT DEFECTS IN THE VISUAL 


Fretps. H. SHENKIN and I. Leopotp, Arch. Neurol. & Psychiat. 
54:97 (Aug.) 1945. 


Five cases are presented in which uniocular crescent defects in 
the visual field were due to verified cerebral tumors involving the 
suprageniculate pathways. These cases emphasize the fact that careful 
perimetric studies may reveal a defect in one unpaired portion of the 
visual field, i. e., the temporal crescent, which is of practical importance 
to the neurologist and the neurosurgeon. A uniocular crescent defect 
would indicate the laterality and general area involved by a tumor 
or other pathologic process. 

No exact anatomic information may be derived from these cases. 
The position of the tumor itself may not tell the entire story, for 
cerebral tumors produce edema and other distant reactive phenomena 
which may also cause disturbances in the fields of vision. However, in 
all these 5 cases the suprageniculate pathways and, more definitely, 
the ventromedial portion of the radiations in the parietal, temporo- 
parietal and parieto-occipital areas were involved. 

One case particularly demonstrates the advance from a unilateral 
crescent cut to bilateral involvement of the field toward a homonymous 
hemianopsia. Other authors have previously noted that, irrespective 
of the location of the lesion in the optic radiation, homonymous anopsias 
usually begin in the periphery and advance toward the center. This 
brings out the importance of the temporal crescent defect as an early 


localizing sign. S. R. IrvINeE. 
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MULTIPLE SCLEROSIS WITH LATE ONSET OF Symptoms. A. P. FRIeEp- 
MAN and C. Davison, Arch. Neurol & Psychiat. 54: 348 (Noyv.- 
Dec.) 1945. 


The authors stress the fact that the most important single factor 
in the diagnosis of multiple sclerosis in the latter years of life is the 
awareness that onset of symptoms is not infrequent after the age of 40. 

In a series of 310 patients with multiple sclerosis admitted to the 
Montefiore Hospital, 41 (13 per cent) had the onset of symptoms 
after the age of 40. Of 42 patients with multiple sclerosis on whom 
autopsies were performed at this hospital, 9 (21 per cent) had onset 
of the disease during or after the fifth decade of life. R. S. levine 


LOCALIZING VALUE OF VERTICAL NystaGMus.  F. H. O’BriIEN and 
M. B. Benper, Arch. Neurol. & Psychiat. 54: 378 (Nov.-Dec.) 
1945. 


A typical case of thrombosis of the anterior spinal artery of the 
medulla is reported in which vertical nystagmus was observed. 

The localizing value of vertical nystagmus is discussed, and it is 
concluded that vertical nystagmus per se is of little localizing value 
except so far as clinical experience has shown it to be sometimes 
seen in cases of disease of the brain stem. S 8 tenes 


UNILATERAL INTERNAL OPHTHALMOPLEGIA: SOLE CLINICAL SIGN 
IN PaTIENT Wi1TH SypuHILitic MENINGITIS. M. A. SELIGS and 
G. F. Josern, Arch. Neurol. & Psychiat. 54: 389 (Nov.-Dec.) 
1945. 


Isolated unilateral ophthalmoplegia may be the only clinical sign in 
a patient with syphilitic meningitis. 

A case history illustrating such an occurrence is presented. Syphilis 
obviously was the specific etiologic agent in this case. However, the 
pathogenesis of the ophthalmoplegia is not entirely clear, since the 
precise anatomic site of the lesion may be nuclear, basilar, radicular 
or of the peripheral neuron (including the ciliary ganglion and the 
postganglionic fibers). No anatomicopathologic study was possible 
in this case. However, certain deductions which lie within the realm of 
clinical diagnosis are forthcoming. An ocular lesion (ciliary ganglion 
and iris) is ruled out by the demonstration of a normal pupillary 
response following the instillation of a miotic drug (2 drops of a 0.25 
per cent solution of physostigmine salicylate was sufficient to produce 
miosis within about twenty minutes). Examination with the slit lamp 
revealed a normal iris. A basilar lesion (meningeal exudate) appears 
unlikely in view of the absence of other neurologic signs, particularly 
external ophthalmoplegia and ptosis. A nuclear or radicular lesion, 
therefore, seems the most probable, the pathologic process being 
either vascular or due to primary syphilitic involvement of one of the 
Edinger-Westaphal nuclei. 


S. R. IrvINE. 
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Parasites 


Oncuocerciasis. J. G. Scorr, Am. J. Ophth. 28: 624 (June) 1945. 


Scott found the following ocular complications in 342 Cameroon 
soldiers, all of whom were assumed to be infected with Onchocera: 
punctate keratitis, 61 cases; punctate keratitis with iridocyclitis, 
27 cases, and presence of microfilarias in the aqueous of otherwise 
unaffected eyes, 16 cases. Retrobulbar neuritis, atrophy of the optic 
nerve and choroiditis occurred rarely. 

The microfilarias of Onchocerca volvulus were the. most common 
(if not the only) microfilarias to enter the anterior chamber. Their 
presence was well tolerated. The cause of complications was a toxin 
(probably filarial, possibly microfilarial). The common occurrence of 
nonencapsulated filarias (O. volvulus) is postulated. 


W. ZENTMAYER. 
Retina and Optic Nerve 


DousBLE THROMBOSIS OF THE CENTRAL VEIN OF THE RETINA. F. 
CANELLA, Arch. Soc. oftal. hispano-am. 5: 164 (March) 1945. 


A case of this rare condition is reported. The author found only 
15 similar cases in the literature. 

The patient was a white man aged 25. Previous to the onset of 
the condition the patient had a cold, which was followed by a severe 
headache, lasting several days. One morning, on awakening, he 
could not see objects, and his legs were so weak that he could not 
walk. Physical examination revealed left hemiplegia and aortitis, and 
observation of the fundi showed a typical picture of bilateral thrombosis 
of the central vein. 

The blood pressure was 230 systolic and 130 diastolic, and the 
clinical laboratory examination showed the presence of nephritis com- 
plicating the hypertensive state. Serologic reactions were negative 
for syphilis. H. F. CarraAsQurto. 
Uvea 


THe TREATMENT OF NONSPECIFIC UVEITIS WITH PENICILLIN. S. R. 
IRVINE, F. Maury, J. ScHuttz, P. THyGeEson anp A. UNSworRTH, 
Am. J. Ophth. 28: 852 (Aug.) 1945. 


Fifty-six patients with anterior and posterior nonspecific uveitis 
were treated with penicillin by intramuscular injection. Eight addi- 
tional patients with anterior uveitis were treated with penicillin ionto- 
phoresis. 

Only in acute anterior uveitis (iridocyclitis) was significant improve- 
ment noted during or after the period of treatment. This improvement 
appeared to be no greater than would be expected with the use of 
ordinary therapeutic agents, such as atropine, heat and foreign protein. 

These observations suggest that penicillin-sensitive bacteria are 
not ordinarily concerned in the causation of nonspecific uveitis. 


W. S. REESE. 
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Epitep By Dr. W. L. BENEDICT 


NEW YORK ACADEMY OF MEDICINE, SECTION OF OPHTHALMOLOGY 
Rudolph Aebli, M.D., Chairman 
Truman L. Boyes, M.D., Secretary 
Jan. 21, 1946 


Management of Vertical Deviation. Dr. Harotp W. Brown. 


The successful management of vertical deviation depends largely 
on accurate diagnosis and proper evaluation of the primary and secon- 
dary deviations. A review of the anatomic off-axis pull of the elevators 
and depressors shows that the oblique muscles exert their maximum 
vertical action when the eye is directed toward the nasal field and the 
superior and inferior rectus muscles when the eye is directed toward 
the temporal field. It will also be evident that in binocular move- 
ments an elevator or a depressor of one eye will function as a “yoke” 
muscle with one of the other eye; for example, elevation in the “eyes 
right” position is accomplished by action of the left inferior oblique 
muscle with its yoke muscle, the right superior rectus muscle. 

The primary deviation represents the underaction of the paretic 
muscle; the secondary deviation, the overaction of the yoke muscle, 
and the secondary contracture, the overaction of the direct antagonist. 

When the deviation is small and comitant, correction with prisms 
is indicated. A noncomitant primary deviation is corrected surgically 
by shortening the paretic muscle; a secondary deviation, by tenotomy 
or recession of the yoke muscle; a secondary contracture, by a weaken- 
ing operation on the direct antagonist, and mixed types, by a com- 
bination of these operations, depending on the state of the secondary 
deviations and contractures. 


Hemifacial Spasm: Report of Two Cases. Dr. Dan M. Gorpon, 
This article will appear in full in a later issue of the ARCHIVEs. 


DISCUSSION 


Dr. Bronson SANDS Ray: The operative procedure employed in 
the first case described by Dr. Gordon provided interesting observations, 
and I shall describe the procedure as it took place. 

Local anesthesia was employed, and an incision was made in the 
right preauricular region along the anterior margin of the parotid gland. 
Except for the lowest branches of the facial nerve, supplying the platysma 
and the muscles of the chin and lower lip, all branches were carefully 
isolated at their point of emergence from the parotid gland. In ail, 
there were six branches, the four uppermost ones being the smallest. 
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To begin with, each of the six branches was divided halfway through, 
and then the drapes were removed so that the facial motion could be 
more accurately determined. It was seen that the major spasms had 
disappeared and that there still remained fair voluntary motility in the 
facial muscles. The fact that a little spasm persisted in the orbicularis 
oculi led me to cut more fibers; therefore two of the upper four fibers 
were completely divided, and the larger, lower two, fibers were com- 
pletely divided. The incision into the nerves was made in such a 
way that the scalpel was carried distally along the course of the fibers 
for a short distance and then turned outward, thus cutting a “slip” 
in the nerve trunk. The “slip” was then tied at its base with a fine silk 
ligature, the procedure designed to prevent regeneration of these fibers. 

The immediate end result of the operation has been highly satis- 
factory in that the patient has virtually no spasm about the eye or the 
upper portion of the face. At the same time, the palpebral fissures 
are equal; there is moderate wrinkling of the brow; the eyes blink 
evenly, and there is enough retained voluntary motion at the angle of 
the mouth to prevent unsightly deformity. Final evaluation, of course, 
will require several months’ observation. It is now five months since 
operation, and there has been no evidence of recurrence of the spasm. 


Glaucoma in a Premature Infant: Report of a Case. Dr. Davip 
WEXLER and Dr. ABRAHAM L. KoRNZWEIG. 


This article will appear in full in a later issue of the ARCHIVES. 


DISCUSSION 


Dr. A. L. Kornzweic: “Buphthalmos” is an old term which is 
not sufficiently decriptive of congenital glaucoma. It means “ox eye” 
and has been used indiscriminately for such conditions as megalocornea, 
congenital glaucoma, high myopia and other enlargements of the 
eye. The term “congenital hydrophthalmos” is much better because 
it describes the basic pathologic process and is more in line with the 
terminology used for similar pathologic processes, such as hydrocephalus, 
in which there is interference with the circulation of aqueous or 
cerebrospinal fluid. Since an interference with the circulation of the 
aqueous is the basic pathologic condition in all cases of congenital 
glaucoma, the term “congenital hydrophthalmos” is a much more accept- 
able one. 

This condition differs from high myopia in several important respects. 
In cases of hydrophthalmos there is uniform thinning of the coats of 
the eyeball, especially the sclera and the cornea, but the coats are 
thickest around the posterior pole. On the other hand, in cases of 
high myopia, though there is a uniform thinning of all the fibrous 
coats of the eye, it is greatest posteriorly, around the posterior pole. 


The prime factor in all cases of congenital hydrophthalmos is the 
interference with the drainage of the aqueous at the angle of the anterior 
chamber. All pathologists are agreed on this fact, among them Gross, 
Horner, Rabb, Landolt, Seefelder, Parsons, Siegrist and Lagrange. 
This disturbance may be caused by the following anomalies: (1) per- 
sistent meshwork of mesoderm in the angle, (2) poor development or 
absence of Schlemm’s canal, (3) posteriorly placed Schlemm’s canal, 
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(4) rudimentary development of the scleral spur, (5) peripheral anterior 
synechias and (6) persistent iris process. 

Consanguinity does not appear to be of importance. Of 28 cases, 
the parents were related in only 3, and in 16 other cases there was no 
relationship between the parents. 


The hyaline membrane, present in this case, is not the same as 
Descemet’s membrane. It takes a different stain, a faint lavender, 
whereas Descemet’s membrane can hardly be distinguished from corneal 
stroma. Collagen is produced by the mesodermal tissue in the cornea 
and in the sclera. In the cornea this collagen is transparent, and in 
the sclera it is opaque. The reason for this difference is probably 
chemical but is not actually known. It is possible for the mesodermal 
tissue in the anterior chamber to produce a collagenous substance which 
will form a hyaline membrane. The exciting cause may be increased 
intraocular pressure, toxemia or a local inflammatory process or possibly 
a combination of several factors. 


Operation for Oxycephaly with Exophthalmos. Dr. Josern E. J. Kine. 


Microcephaly and mongolism, which have no relationship to oxy- 
cephaly, are excluded from this discussion. 


In all cases of oxycephaly the sutures may be closed, or fixed, at 
an early period in life, causing various types of malformation of the 
skull. The skull may become tower-like (Tiirmschddel) or wedge 
shaped. The suture lines fuse and close tightly and are obliterated 
before complete closure of the anterior fontanel. This process—cranios- 
tosis—prevents proper development of the skull and brain. It is well 
known that the growth of the brain takes place at a rapid rate in the 
early years, and in so doing it exerts tremendous intracranial pressure 
in all directions. The closed skull gives way before this pressure at 
the points of least resistance, and this is usually more noticeable at 
the site of the closing, or recently closed, anterior fontanel. The fontanel 
is the last part of the suture line to close, and this thin portion of the 
skull is pushed out, with the resulting peculiar pointed area. The skull 
is misshapen and distorted, with the most prominent and bulging por- 
tion at the site of the fontanel, thus “oxy,’ meaning sharp, and 
“cephalus,” meaning “head.” The head may become elongated and 
scaphoid and yet have the most prominent protuberance at the same time. 


It is not uncommon to see persons with queerly shaped heads who 
have normal physical and mental capacities, owing to arrest of the con- 
dition. On the other hand, oxycephalic persons may never attain adult- 
hood. Why? The simple answer is that premature closure of the 
suture line prevents the intracranial space from keeping pace with 
the actual growth of the brain and its coverings. In other words, the 
brain outgrows its case, and vital functions are slowed and finally cease. 


Continuation of growth of the brain in such cramped quarters results 
in certain symptoms and signs: (1) headaches, which may occur at 
an early age and not be recognized; (2) irritability and mental dulness ; 
(3) characteristic convolutional markings of the skull, resembling 
billowy clouds, as well as pronounced thinning of the skull, with no, 
or barely distinguishable, suture lines; (4) thinning of the dura, at 
times almost to the thinness of cellophane; (5) unusual and abnormal 
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irregularities of the skull, involving most frequently and most prom- 
inently the site of the anterior fontanel; (6) tremendous increase of 
intracranial pressure, as shown by measurement of the intraventricular 
pressure (400 mm. or more), and extreme diminution in the size of 
the ventricles (ventriculograms) ; (7) conspicuous bilateral papilledema, 
followed by atrophy, with resultant failing vision and blindness; 
(8) noticeable bilateral protrusion of the eyeballs and edema, or thick- 
ening of the lids, which may be so prolonged and extreme that loss of 
vision results, as in cases of exophthalmos associated with arteriovenous 
fistula or progressive exophthalmos accompanying thyroid disease; 
(9) generalized convulsions. If the condition is not arrested, it pro- 
gresses gradually, and death ensues. 

All these changes result from the slow, progressive, pronounced 
increase of intracranial pressure against slowly retreating, but non- 
elastic, walls of the cranial cavity. 

Roentgenograms reveal certain similar changes, which may, however, 
vary in degree. Characteristic is thinning of the bones of the skull 
in a wavy manner, with the billowy appearance of fluffy clouds. Lateral 
roentgenograms show this condition best, and all the bones of the 
cranial cavity except those forming the base present these markings. 
The floors of the posterior and middle fossae are depressed, with cor- 
responding depression of the petrous pyramids and ears and depression, 
relative lengthening and narrowing of the sella turcica. The sella turcica 
is shaped like a long, deep, narrow U, instead of having the shape of 
an inverted 2. The lower jaw protrudes prominently, owing to down- 
ward displacement of the mandibular fossa. The frontal, sphenoidal 
and maxillary sinuses are small. The orbits are shallow and blunted 
and are pushed forward by pressure from within, accounting to a con- 
siderable degree for the prominence of the eyes. 

The most resistant portions of the skull, which are buttressed against 
the oncoming pressure, are the petrous pyramids and the sphenoidal 
ridges. Therefore, hearing is not impaired to the same extent as vision, 
nor is the maxilla displaced forward like the mandible. 


In 1936 I was confronted with such a case of oxycephaly. Search 
of the literature failed to reveal an operative procedure which would 
provide adequate relief. In my endeavor to find a solution, my thought 
continually went back to the basic fact, i.e., that the intracranial space 
was too small to allow of proper growth and expansion of the brain. 
Therefore the question arose: How can the cranial cavity be enlarged 
sufficiently and symmetrically without damage to the brain and its 
coverings? The problem was solved by the operation which will be 
described, and which was performed for the first time on Nov. 10, 1936 
and presented as a preliminary report (Oxycephaly: New Operation 
and Its Results [Preliminary Report], ArcH. Neuro... & PsycHIaT. 
40: 1205 [Dec.] 1938). The patient, a boy 8 years old, could not 
distinguish persons standing at the foot of his bed. Now, nine years 
later, he is working as a shipping clerk, in Nova Scotia. So far as 
can be determined, he is normal, probably somewhat short in stature, 
but with good muscles. 
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DISCUSSION 


Dr. Bronson SAnps Ray: I have had no experience with this 
operation. I have only watched, with great admiration, Dr. King’s 
reports. The few patients who have been presented to me for Dr. King’s 
operation have either had mongolism or microcephaly, and, as he pointed 
out in his opening remarks, such patients are not suitable for operation. 

I should like to ask Dr. King whether he can account for the apparent 
subsidence of exophthalmos after the operation and whether he feels 
it is based on the diminution of venous engorgement. I should also 
like to ask whether he leaves periosteum on the fragments of bone and 
whether he is careful to leave these segments attached to the dura. 


Carr. ARTHUR ALEXANDER Knapp (MC), U.S.N.R.: I had the 
pleasure of seeing the youngster from Nova Scotia before and shortly 
after Dr. King’s excellent operation. As I recall, prior to operation 
the child had moderate to pronounced atrophy of both optic nerves, 
with no papilledema. Shortly after the operation, both optic nerves 
were pink, and vision had improved greatly. I do not remember the 
precise visual acuity. 


Dr. JosepH E. J. Kine: I was careful, in turning the soft parts 
down, to push the periosteum off the skull. I leave the periosteum 
on the segments of bone, and prefer not to knock them off the dura. 
They are lightly attached and very slippery; and if they wiggle off 
I put them back in place and close them in, and all is well. Both the 
dura and the pericranium are osteogenic, and the segments of skull 
are between the two. The fact remains that they unite and the skull 
becomes reformed. This is nothing new. Cushing, years ago, took out 
a bone flap in a case of pseudotumor and left it out, and complete 
regeneration occurred. In numerous cases of massive osteomyelitis 
of the skull the defects never have to be filled with a graft. In every 
case in which this operation is done, both in children and in adults, if 
the pericranium is stripped off with the scalp flap, the infected bone 
dissected out and the pericranium replaced against the dura, the patient 
will be all right, and the defect will close. Furstenburg, of Ann Arbor, 
has emphasized that, time and again. It is not necessary to fill in the 
defect in these cases. In cases of abscess of the brain, in which the 
dura and pericranium are destroyed, the defect never fills in. If in 
cases of compound fracture of the skull the pericranium is stripped off 
and some of the dura is excised, the defect will not close completely, 
but if pericranium is put back against the dura bone will reform. 
I am sure Dr. Ray is acquainted with Dr. Naffziger’s famous case of 
the ash tray. His patient was an old woman with a lump on her head 
which stuck out like a devil’s horn, and she had the same kind of lump 
on the inside of her skull, both osteomas. He took out a piece of bone 
and kept it on his desk for an ash tray. One day he took the piece 
of dead bone which he had used for an ash tray, ground it down inside 
and outside, bored oles in it and used it as a graft to fill the defect, 
and it took. I have transplanted a piece of skull from the morgue, 
and it took. Ifa piece of dead bone will take, a piece of live bone should. 


Choroideremia. Dr. BENJAMIN ESTERMAN and Dr. R. TowNLey 
PATON. 


This article will appear in full in a later issue of the ARCHIVES. 


\ 
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DISCUSSION 


In cases of the type reported by Zorn; Parker and Fralick (Choroid- 
eremia, ARCH. OpuTH. 6: 213 [Aug.] 1931), and Esterman the con- 
dition has the appearance of a genuine congenital defect. Scattered 
through the literature are reports of similar cases under various titles 
which put the matter in serious doubt. In only 1 of these cases had 
the patient been under observation, and in none had the tissues been 
studied in the laboratory ; pigmentary retinitis and night blindness, with 
and without pigmentary changes, in the families have been reported. 
There are available a few cases of brothers with excellent central vision 
in which pictures of the fundus were made; this is to be expected when 
the ages are taken into consideration. Only 1 case of the condition in 
a female has been reported, but this speaks as strongly against a con- 
genital defect as it does for inherited abiotrophy. Dr. Falls is studying 
the family in the case of Parker and Fralick and reports that the mother 
has advanced atrophy of the choroid with sclerosis of its vessels and 
that a nephew, aged 6 years, shows changes in the fundus which sug- 
gest that he will later have the same type of fundus as the uncle. Except 
for the cases of Cowgill and Connor, all the rest could be instances 
of abiotrophy beginning in early life and reaching a standstill, with 
central vision corresponding to the amount of choroidal tissue in the 
macular area. 

One of the cases presented here supports Dr. Verhoeff’s contention 
that a somewhat similar picture of the fundus accompanies retinitis pig- 
mentosa, with an overgrowth of glial tissue, which shuts out the normal 
red color of the choroid. The macular area in such cases may be 
normal, with a white background elsewhere, but here and there in the 
periphery the choroid is dimly seen, proving that the background is 
not bared sclera. The type of case reported by Dr. Paton is rare and 
conflicts with all present ideas of retinal physiology, but the condition 
cannot be confused with choroideremia. It is an advanced atrophy 
of the choroid, with the macular area persisting until the last. For this 
condition the title of progressive choroidal atrophy might be used until 
another, more suitable, term comes into use. I hope Dr. Esterman 


and Dr. Paton will keep their patients under observation and make a 
later report. 


COLLEGE OF PHYSICIANS, PHILADELPHIA, SECTION ON OPHTHALMOLOGY 
Burton Chance, M.D., Chairman 
George F. J. Kelly, M.D., Secretary 
Feb. 21, 1946 
Fluorescent Colors in Tangent Screen Examination. Dr. Jacop B. 
FELDMAN and Dr. Harotp J. ABRAHAMS, (by invitation). 
This article will be published in a future issue of the ARCHIVES. 
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Complete Unilateral Ophthalmoplegia Due to Primary Carcinoma of 
the Sphenoidal Sinus Syndrome of the Orbital Apex and Superior 
Orbital Fissure: Report of a Case. Dr. I. S. TassMan. 


This article will appear in full in a later issue of the ARCHIVEs. 


DISCUSSION 


Dr. BENJAMIN H. SHusTER: My first association with this patient 
was when I made a routine examination of the ear, nose and throat, 
at which time I found nothing of interest. I saw her a week later, 
during an episode of epistaxis. There was nothing at this time to 
indicate anything but a local area of bleeding. The nose was packed 
and the bleeding controlled. One week later bleeding from the nose 
recurred, and I again saw the patient. At this time there was also 
pronounced paralysis of the ocular muscles; however, the pupil reacted 
somewhat to light. 

Not being familiar with the designation “sphenoid fissure syndrome,” 
I groped for an anatomic diagnosis. The vestibular (caloric) test did 
not reveal ‘any sign of an intracranial lesion. Except for the ocular 
immobilization, there were no signs of mass in the orbit. The presence 
of the pupillary reaction to light was evidence against the possibility of 
a lesion of the brain stem, which would have to be extensive to involve 
the number of nerves concerned in this case. There were no systemic 
signs of cavernous sinus thrombosis, nor were edema and ecchymosis 
present, which are found with this condition. The situation seemed to 
resolve itself into the possibility of a small hemorrhage at the apex 
of the orbit, incompletely compressing the nerves, or of a growth in 
the superior orbital sinus, encroaching slowly on the contents of the 
cavernous sinus, adjacent to its lateral wall. This could compress 
the nerves and yet permit some venous blood to pass through, preventing 
the occurrence of edema and ecchymosis. A specific request was made 
for roentgenograms of the orbit and sphenoid sinus. The latter were 
misinterpreted, and the sphenoid was pronounced normal. 

It was decided to explore the orbit through an incision at its medial 
border. If an erosion was found on the nasal wall, it could be followed 
through. No such break was found; and in view of the negative report 
on the sphenoidal sinus no further search was made. The possibility of an 
intracranial lesion had to be considered. Shortly after the operation 
the roentgenograms were again studied, and the conclusion was reached 
that the sphenoidal sinus as well as other sinuses were involved. 
Accordingly, it was decided to reexplore the wound, with the idea of 
breaking through to the sinuses, and an attempt to reach the sinuses 
through the nasal wall was first made. 

A sphenoid probe was introduced, and it was immediately found that 
the posterior bony wall of the sphenoidal sinus was destroyed. The nose 
at first appeared to be normal, but after the bony covering was broken 
down a mass of malignant-appearing tissue was seen in the sphenoidal, 
ethmoidal and maxillary sinuses. Microscopic study of the tissue 
showed that it was malignant. I believe that Dr. Tassman is correct 
in his contention that the primary growth was in the sphenoidal sinus. 
The vague headache and the bulk of the mass present in the sphenoidal 
sinus pointed in that direction. Those who have seen cases of malignant 
growths of the antrum will agree that, in view of the length of time 
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the condition existed in this patient, the orbit would have been invaded 
much sooner and would not have involved the nerves alone but the entire 
intraorbital contents. 

The orbital incision employed in this case is routine for extranasal 
exenteration of the sinuses. It affords a satisfactory exposure of the 
orbit in its floor, median wall and roof. 

Dr. Henry A. SHENKIN: The neurosurgeon’s interest in this 
patient lies in the possibility of an intracranial lesion producing this 
syndrome, particularly a tumor of the sphenoidal ridge. Unquestionably, 
the outsanding point in the differential diagnosis is the fact that menin- 
gioma of the sphenoidal ridge is a slow-growing lesion, the symptoms 
being gradually progressive over a period of years, or at least of many 
months. For this reason, involvement of the external ocular muscles 
is rarely complete, the slowly growing lesion distorting, but not com- 
pletely interrupting, the nerves passing through that region. 

There may be blindness from a meningioma of the sphenoidal ridge. 
I believe that at least 25 per cent of patients with such a lesion have 
seriously impaired vision, but this is usually accompanied with primary 
atrophy of the optic nerve resulting from pressure by the optic nerve 
for a long time. Carcinoma of the sinuses may cause exophthalmos, 
which is also an outstanding symptom of meningioma of the sphenoidal 
ridge. Roentgenograms would reveal hyperostosis of the orbital roof 
and of the wings of the sphenoid in cases of the latter. With such 
exophthalmos the optic bulb would tend to be depressed, owing to 
exostosis of the orbital roof. Malignant growths of the sinuses are 
accompanied with erosion of the bones of the orbital cavity and the 
bones nearby. 


Dr. I. S. TAssMAN: Cases of this kind are unusual. This patient 
came to my attention for the ocular condition while she was on the 
medical service under treatment for vascular hypertension. As Dr. 
Shuster pointed out, it was logical to enter the orbit on the medial 
aspect, so that the sinuses could be easily entered at the same time if 
this appeared to be indicated. Strangely, the orbital walls were found 
to be normal, and the nasal sinuses gave no evidences of the presence 
of any disease. 

In spite of this, I strongly suspected trouble in the sinuses even. 
prior to the orbital exploration, especially because of the chemosis of 
the conjunctiva. The possibility of a retro-orbital lesion was also 
considered seriously, and it was recognized that there was pressure 
to produce the congestion and chemosis. However, all this time there 
was no exophthalmos of the right eye. I believe that absence of this 
sign was important evidence in eliminating an intraorbital or a retro- 
orbital growth. Although it was recognized that the second, third and 
fourth cranial nerves, the ophthalmic branch of the fifth nerve and the 
sixth nerve were involved, the etiologic factor was obscure until the time 
of operation. For this reason, and because of the infrequency of reported 
cases, it was felt that this case should be recorded. 


Tendon Transplantation for Paralysis of the External Rectus Muscle. 
E. Spaetu, M.D., 


The use of tendon transplants from the superior and inferior rectus 
muscles for the correction of paralytic strabismus involving the external 


; 
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rectus muscle was presented by means of moving pictures. This 
operation is indicated only in cases in which the paralytic eye can be 
moved spontaneously up to the midline. In cases in which the eye 
remains in paralytic convergence, this procedure can accomplish no 
more than an ordinary recession of the internal rectus and resection of 
the paralytic external rectus muscle. In properly selected cases 15 to 
30 degrees of external rotation has been achieved. The principles 
underlying the procedure are twofold. The first is a release in the 
paralytic convergence by the recession of the internal rectus muscle and 
a reduction in internal rotation ability by half through the use of the 
tendon transplant from the superior and inferior rectus muscles. 
Second, the transplant holds the eye in the “eyes front” position, or even 
in slight latent divergence, permitting the two oblique muscles to 
function more adequately as external rotators. The internal rectus 
muscle after recession furnishes adequate convergence for near work. 
The operation has its chief indication in cases in which there is acquired 
paralysis of the external rectus muscle, rather than in cases of congenital 


palsy. 
DISCUSSION 


Dr. Louis LEHRFELD: Dr. Spaeth may recall my exhibit of 2 cases 
of Hummelsheimer operation at a conference at the Wills Eye Hospital 
several years ago. One of the patients presented there I saw last week 
at the Wills Hospital clinic. The result was excellent. 

The technic differs slightly from that just shown. Instead of 
transplanting the sections of the tendon of the superior and inferior 
rectus muscles above and below the insertion of the external rectus 
muscle, Hummelsheimer recommends that the tendon transplants be 
inserted under the insertion of the external rectus muscle. 

I think that the key to success of such muscle transplantations rests 
in firm anchoring of the transplanted’ tendons to their new positions. 
I found that this can be best accomplished with the use of silk sutures, 
inasmuch as they are unabsorbable. 

Last year I used the Hummelsheimer technic in operation on a 
patient who had paralysis of the superior rectus muscle associated with 
ptosis. To my surprise, I not only achieved a fair result in restoring 
partial function of the superior rectus muscle but also obtained a 
reduction in the amount of ptosis. 

I hope that Dr. Spaeth’s presentation tonight will stimulate the 
surgeons to resort to this method of tendon transplantation in correction 
of paralysis, not only of the external rectus muscle but of all ocular 
muscles. 
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Directory of Ophthalmologic Societies * 


INTERNATIONAL 
INTERNATIONAL ASSOCIATION FOR PREVENTION OF BLINDNESS 


President: Dr. P. Bailliart, 66 Boulevard Saint-Michel, Paris, 6°, France. 


Secretary-General: Prof. M. Van Duyse, Université de Gand, Gand, Prov. Ost- 
flandern, Belgium. 


All correspondence should be addressed to the Secretariat, 66 Boulevard Saint- 
Michel, Paris, 6°, France. 


INTERNATIONAL OPHTHALMOLOGIC CONGRESS 


President: Prof. Nordenson, Serafimerlasarettet, Stockholm, Sweden. 
Secretary: Dr. Ehlers, Jerbanenegade 41, Copenhagen, Denmark. 


INTERNATIONAL ORGANIZATION AGAINST TRACHOMA 
President: Dr. A. F. MacCallan, 17 Horseferry Rd., London, England. 


PAN-AMERICAN CONGRESS OF OPHTHALMOLOGY 


President: Dr. Harry S. Gradle, 58 E. Washington St., Chicago. 

Executive Secretaries: Dr. Conrad Berens, 35 E. 70th St., New York. Dr. M. E. 
Alvaro, 1511 Rua Consolacao, Sao Paulo, Brazil. 

Place: Habana, Cuba. Time: February 1948. 


FOREIGN 
ALL-INDIA OPHTHALMOLOGICAL SOCIETY 


President: Dr. B. K. Narayan Rao, Minto Ophthalmic Hospital, Bangalore. 
Secretary: Dr. G. Zachariah, Flitcham, Marshall’s Rd., Madras. 


BritisH MepicaL ASSOCIATION, SECTION ON OPHTHALMOLOGY 


President: Dr. W. Clark Souter, 9 Albyn Pi, Aberdeen, Scotland. 
Secretary: Dr. Frederick Ridley, 12 Wimpole St., London, W. 1. 


CHENGTU OPHTHALMOLOGICAL SOCIETY 
President: Dr. Eugene Chan. ? 


Secretary: Dr. D. S. Shen, Eye, Ear, Nose and Throat Hospital, Chengtu, 
Szechuan, China. 


Place: Eye, Ear, Nose and Throat Hospital, Chengtu, Szechuan, China. 


CHINESE OPHTHALMOLOGY SOCIETY 


President: Dr. C. H. Chou, 363 Avenue Haig, Shanghai. 
Secretary: Dr. F. S. Tsang, 221 Foochow Rd., Shanghai. 


CHINESE OPHTHALMOLOGICAL SOCIETY OF PEIPING 
President: Dr. H. T. Pi, Peiping Union Medical College, Peiping. 
Secretary: Dr. C. K. Lin, 180 Hsi-Lo-yen Chienmeng, Peiping. 
Place: Peiping Union Medical College, Peiping. Time: Last Friday of each month. 


* Secretaries of societies are requested to furnish the information necessary to 
make this list complete and keep it up to date. 
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FACULTY OF OPHTHALMOLOGISTS 


President: Brig. Sir Stewart Duke-Elder, 63 Harley St., London, W. 1, England. 
Secretary: Mr. Frank W. Law, 45 Lincoln’s Inn Fields, London, W. C. 2, England. 


GERMAN OPHTHALMOLOGICAL SOCIETY 


President: Prof. W. Lohlein, Berlin. 
Secretary: Prof. E. Engelking, Heidelberg. 


HUNGARIAN OPHTHALMOLOGICAL SOCIETY 


President: Prof. I. Imre, Budapest. 

Assistant Secretary: Dr. Stephen de Grdész, University Eye Hospital, Mariautca 39, 
Budapest. 

All correspondence should be addressed to the Assistant Secretary. 


MIDLAND OPHTHALMOLOGICAL SOCIETY 


President: Dr. W. Niccol, 4 College Green, Gloucester, England. 
Secretary: Mr. T. Harrison Butler, 61 Newhall St., Birmingham 3, England. 
Place: Birmingham and Midland Eye Hospital. 


NortH oF ENGLAND OPHTHALMOLOGICAL SOCIETY 


President: Mr. E. F. Wilson, 24 Upper Northgate St., Chester. 

Secretary: Mr. William M. Muirhead, 70 Upper Hanover St., Sheffield 3. 

Place: Manchester, Leeds, Newcastle-upon-Tyne, Liverpool, Sheffield and Bradford, 
in rotation. Time: October to May. 


OPHTHALMOLOGICAL SOCIETY OF AUSTRALIA 
President: Dr. J. Ringland Anderson, Astor House, 108 Collins St., Melbourne, 
Victoria. 
Secretary: Dr. D. A. Williams, 27 Commonwealth St., Sydney. 
Place: Melbourne. Time: Oct. 20-26, 1946. 


OPHTHALMOLOGICAL SociETY oF Ecypt 


President: Prof. Dr. Mohammed Mahfouz Bey, Government Hospital, Alexandria. 
Secretary: Dr. Mohammed Khalil, 4 Baehler St., Cairo. 
All correspondence should be addressed to the secretary, Dr. Mohammed Khalil. 


OPHTHALMOLOGICAL SociETY OF HOSPITAL DE NUESTRA SENORA DE LA Luz 


Chairman: Dr. Manuel J. Icaza y Dublan, México, D. F., Mexico. 
Secretary: Dr. Jorge Meyran, México, D. F., Mexico. 


OPHTHALMOLOGICAL Soclety oF SouTH AFRICA 


President: Dr. A. W. Sichel, National Mutual Bldg., Church Square, Cape Town. 
Secretary: Dr. J. K. de Kock, Groote Kerk Bldg., 32 Parliament St., Cape Town. 


OPHTHALMOLOGICAL SOCIETY OF THE UNITED KINGDOM 


President: Mr. Charles B. Goulden, 89 Harley St., London. 
Secretary: Mr. Frank W. Law, 30 Devonshire Pl., London, W. 1. 
Place: London. Time: May 30-June 1-2, 1946. 


OPHTHALMOLOGY SOCIETY OF BOMBAY 


President: Dr. D. D. Sathaye, 127 Girgaum Rd., Bombay 4, India. 

Secretary: Dr. H. D. Dastur, Dadar, Bombay 14, India. 

Place: H. B. A. Free Ophthalmic Hospital, Parel, Bombay 12. Time: First 
Friday of every month. 
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OxrorD OPHTHALMOLOGICAL CONGRESS 


Master: Mr. P. G. Doyne, 60 Queen Anne St., London, W. 1, England. 
Secretary-Treasurer: Dr. F. A. Anderson, 12 St. John’s Hill, Shrewsbury, England. 
Time: July 4-6, 1946. 

PALESTINE OPHTHALMOLOGICAL SOCIETY 
President: Dr. Arieh Feigenbaum, Abyssinian St. 15, Jerusalem. 
Secretary: Dr. E. Sinai, Tel Aviv. 

PoLisH OPHTHALMOLOGICAL SOCIETY 

President: Dr. W. KapuSscinski, 2 Waly Batorego, Poznan. 
Secretary: Dr. J. Sobanski, Lindley’a 4, Warsaw. 
Place: Lindley’a 4, Warsaw. 

REvIsTA BRASILEIRA DE OFTALMOLOGIA 
President: Dr. Caldas Britto, Largo de Carioca 5-6° andar, Rio de Janeiro, Brazil. 
Secretary: Dr. Evaldo Campos, R. Rodrigo Silva 7-1° andar, Rio de Janeiro, Brazil. 


Place: Rio de Janeiro, Brazil. Time: Third Friday of every month from April 
to December. 


Royat Society OF MEDICINE, SECTION OF OPHTHALMOLOGY 


President: Col. F. A. Juler, 96 Harley St., London, W. 1, England. 
Secretary: Dr. Harold Ridley, 60 Queen Anne St., London, W. 1, England. 


SAo Pauto Society oF OPHTHALMOLOGY 
President: Silvio de Almeida Toledo, Bardo de Ilapetininga St., 88, 5° Andar, 
Sao Paulo, Brazil. 
Secretary: Dr. Plinio de Toledo Piza, Enfermaria Santo Luzia, Santa Casa de 
Misericordia, Cesario Motta, St. 112, Sao Paulo, Brazil. 


Scottish OPHTHALMOLOGICAL CLUB 
President: Dr. S. Spence Meighan, 13 Woodside Pl., Glasgow, C. 3. 
Secretary: Dr. Alexander Garrow, 15 Woodside PI., Glasgow, C. 3. 
Place: Edinburgh and Glasgow, in rotation. 


SocrEDAD ARGENTINA DE OFTALMOLOGIA 
Chairman: Dr. Jorge Malbran, Buenos Aires. 
Secretary: Dr. Benito Just Tiscornia, Santa Fe 1171, Buenos Aires. 


SocleDAD OFTALMOLOGIA DEL LiToRAL, Rosario (ARGENTINA) 
President: Prof. Dr. Carlos Weskamp, Laprida 1159, Rosario. 
Secretary: Dr. Arturo Etchemendigaray, Villa Constitucién, Santa Fé. 
Place: Rosario. Time: Last Saturday of every month, April to November. All 
correspondence should be addressed to the President. 


SOCIEDADE DE OFTALMOLOGIA DEL NoRTE 
President: Dr. Alberto Cardenas. 
Secretary: Dr. Jorge Luis Castillo, Mendoza 421, Tucuman, Argentina. 


SOcIEDADE DE OFTALMOLOGIA DE MINAS GERAIS 
President: Prof. Hilton Rocha, Rua Rio de Janeiro 2251, Bello Horizonte, Minas 
Geraes, Brazil. 
Secretary: Dr. Ennio Coscarelli, Rua Aimorés 1697, Bello Horizonte, Minas Geraes, 
Brazil. 


SOCIEDADE DE OFTALMOLOGIA E OTORRINOLARINGOLOGIA DE 
Rio GRANDE DO SUL 
President: Dr. Luiz Assumpgao Osorio, Edificio Vera Cruz, Apartamento 134, 
Porto Alegre, Rio Grande do Sul. 
Secretary: Dr. Fernando Voges Alves, Caixa Postal 928, Porto Alegre, Rio Grande 
do Sul. 
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SOCIEDADE DE OPHTHALMOLOGIA E OTO-RHINO-LARYNGOLOGIA DA BAHIA 


President: Dr. Theonilo Amorim, Barra Avenida, Bahia, Brazil. 
Secretary: Dr. Adroaldo de Alencar, Brazil. 
' All correspondence should be addressed to the President. 


SocreTtA OFTALMOLOGICA ITALIANA 


President: Prof. Dott. Giuseppe Ovio, Ophthalmological Clinic, University of 
Rome, Rome. 
Secretary: Prof. Dott. Epimaco Leonardi, Via del Gianicolo, 1, Rome. 


Société FRANGAISE D’OPHTALMOLOGIE 
Secretary: Dr. René Onfray, 6 Avenue de la Motte Picquet, Paris, 7°. 


Society OF SWEDISH OPHTHALMOLOGISTS 


President: Prof. K. G. Ploman, Stockholm. 
Secretary: Dr. K. O. Granstrém, Sdédermalmstorg 4, III tr., Stockholm, S6. 


Tet Aviv OPHTHALMOLOGICAL SOCIETY 


President: Dr. D. Arieh-Friedman, 96 Allenby St., Tel Aviv, Palestine. 
Secretary: Dr. Sadger Max, 9 Bialik St., Tel Aviv, Palestine. 


NATIONAL 
AMERICAN MEDICAL ASSOCIATION, SCIENTIFIC ASSEMBLY, SECTION 
ON OPHTHALMOLOGY 


Chairman: Dr. Derrick Vail, 55 E. Washington St., Chicago. 
Secretary: Dr. R. J. Masters, 23 E. Ohio St., Indianapolis. 


AMERICAN ACADEMY OF OPHTHALMOLOGY AND OTOLARYNGOLOGY, 
SECTION ON OPHTHALMOLOGY 
President: Dr. Gordon B. New, Mayo Clinic, Rochester, Minn. 
President-Elect: Dr. Alan C. Woods, Johns Hopkins Hospital, Baltimore 5. 
Executive Secretary-Treasurer: Dr. William L. Benedict, 100-Ist Ave. Bldg., 
Rochester, Minn. 
Place: Palmer House, Chicago. Time: Oct. 13-18, 1946. 


AMERICAN OPHTHALMOLOGICAL SOCIETY 


President: Dr. Eugene M. Blake, 303 Whitney Ave., New Haven, Conn. 
Secretary-Treasurer: Dr. Walter S. Atkinson, 129 Clinton St., Watertown, N. Y. 
Place: San Francisco. Time: June 26-28, 1946. 


ASSOCIATION FOR RESEARCH IN OPHTHALMOLOGY, INC. 


Chairman: Dr. Conrad Berens, 35 E. 70th St., New York. 

Secretary-Treasurer: Major Brittain F. Payne, School of Aviation Medicine, 
Randolph Field, Texas. 

Assistant Secretary-Treasurer: Dr. Hunter Romaine, 35 E. 70th St., New York. 


CANADIAN MepIcAL ASSOCIATION, SECTION ON OPHTHALMOLOGY 


President: Dr. Alexander E. MacDonald, 170 St. George St., Toronto 5. 
Secretary-Treasurer: Dr. L. J. Sebert, 170 St. George St., Toronto 5. 


CANADIAN OPHTHALMOLOGICAL SOCIETY 


President: Walter W. Wright, 170 St. George St., Toronto 5. 
Secretary-Treasurer: Dr. Kenneth B. Johnston, Suite 1, 1509 Sherbrooke St. W., 
Montreal. 
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NATIONAL SOCIETY FOR THE PREVENTION OF BLINDNESS 
President: Mr. Mason H. Bigelow, 1790 Broadway, New York. 
Secretary: Miss Regina E. Schneider, 1790 Broadway, New York. 
Executive Director: Mrs. Eleanor Brown Merrill, 1790 Broadway, New York. 
Place: New York. Time: Nov. 25-27, 1946. 


SECTIONAL 


ACADEMY OF MEDICINE OF NorTHERN NEw JERSEY, SECTION ON 
Eye, Ear, Nos—E AND THROAT 
President: Dr. Anthony Ambrose, 31 Lincoln Park, Newark. 
Secretary: Dr. William F. Keim Jr., 15 Washington St., Newark 2. 
Place: 91 Lincoln Park South, Newark. Time: 8:45 p. m., second Monday of 
each month, October to May. 


CENTRAL ILLINOIS SOCIETY OF OPHTHALMOLOGY AND OTOLARYNGOLOGY 


President: Dr. Stuart Broadwell, 101%4 N. 5th St., Springfield, III. 
Secretary-Treasurer: Dr. William F. Hubble, 861-867 Citizens Bldg., Decatur, IIl. 


CENTRAL WISCONSIN SOCIETY OF OPHTHALMOLOGY AND OTOLARYNGOLOGY 


President: Dr. P. G. Spelbring, 131 S. Barstow St., Eau Claire. 
Secretary: Dr. G. L. McCormick, 650 S. Central Ave., Marshfield. 


Eye, Ear, Nose TuHroat Society 
President: Dr. F. J. Pinkerton, 7 Young Hotel Bldg., Honolulu. 
Secretary-Treasurer: Dr. L. Q. Pang, 52 S. Vineyard St., Honolulu 39. 
Place: Honolulu. Time: Third Thursday of each month. 


New ENGLAND OPHTHALMOLOGICAL SOCIETY 


President: Dr. Howard F. Hill, 177 Main St., Waterville, Maine. 

Secretary-Treasurer: Dr. Merrill J. King, 264 Beacon St., Boston 16. 

Place: Massachusetts Eye and Ear Infirmary, 243 Charles St., Boston. Time: 
8 p. m., third Tuesday of each month from November to April, inclusive. 


Paciric Coast OTo-OPHTHALMOLOGICAL SOCIETY 


President: Dr. D. H. O’Rourke, 1612 Tremont Pl., Denver. 
Secretary-Treasurer: Dr. C. Allen Dickey, 450 Sutter St., San Francisco. 


Pucet Sounp ACADEMY OF OPHTHALMOLOGY AND OT0-LARYNGOLOGY 
President: Dr. Julius A. Weber, 640 Stimson Bldg., Seattle 1, Wash. 
Secretary-Treasurer: Dr. Barton E. Peden, 301 Stimson Bldg., Seattle 1, Wash. 
Place: Seattle or Tacoma, Wash. Time: Third Tuesday of each month except 

June, July and August. 


Rock River VALLEy Eye, Ear, Nose anp THROAT SOCIETY 


President: Dr. J. Sheldon Clark, Sterling, Ill. 

Secretary-Treasurer: Dr. Harry R. Warner, 321 W. State St., Rockford, II. 

Place: Rockford, Ill., or Janesville or Beloit, Wis. Time: Third Tuesday of each 
month from October to April, inclusive. 


SAGINAW VALLEY ACADEMY OF OPHTHALMOLOGY AND OTOLARYNGOLOGY 


President: Dr. A. R. McKinney, 330 S. Washington St., Saginaw, Mich. 

Secretary-Treasurer: Dr. Harold H. Heuser, 207 Davidson Bldg., Bay City, Mich. 

Place: Saginaw or Bay City, Mich. Time: Second Tuesday of each month, except 
July, August and September. 
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VALLEY Eve AND Ear ACADEMY 


President: Dr. J. C. Decker, 515 Francis Bldg., Sioux City, Iowa. 
Secretary-Treasurer: Dr. J. E. Dvorak, 408 Davidson Bldg., Sioux City, Iowa. 


SOUTHERN MEDICAL ASSOCIATION, SECTION ON Eye, Ear, NosE AND THROAT 


Chairman: Dr. Savage Zerfoss, 165-8th Ave. N., Nashville 3, Tenn. 
Secretary: Dr. Alston Callahan, 908 S. 20th St., Birmingham 5, Ala. 


SOUTHWESTERN ACADEMY OF Eye, EAR, NosE AND THROAT 


President: Dr. H. L. Brehmer, 221 W. Central Ave., Albuquerque, N. Mex. 
Secretary: Dr. A. E. Cruthirds, 1011 Professional Bldg., Phoenix, Ariz. 


SOUTHWESTERN MICHIGAN TRIOLOGICAL SOCIETY 


President: Dr. W. M. Dodge, 716 First National Bank Bldg., Battle Creek. 
Secretary-Treasurer: Dr. Kenneth Lowe, 25 W. Michigan Ave., Battle Creek. 
Time: Last Thursday of September, October, November, March, April and May. 


WESTERN PENNSYLVANIA Eye, EAr, NosE AND THROAT SOCIETY 


President: Dr. Ray Parker, 218 Franklin St., Johnstown, Pa. 
Secretary-Treasurer: Dr. J. McClure Tyson, Deposit National Bank Bldg., Dubois. 


STATE 
ARKANSAS STATE MEDICAL Society, Eye, Ear, Nose AND THROAT SECTION 


President: Dr. E. C. Moulton, 619 Garrison Ave., Fort Smith. 
Secretary: Dr. K. W. Cosgrove, 7 Urquhart Bldg., Little Rock. 


CoLoRADO OPHTHALMOLOGICAL SOCIETY 


President: Dr. George H. Stine, 23 E. Pikes Peak Ave., Colorado Springs. 

Secretary: Dr. J. Leonard Swigert, 320 Republic Bldg., Denver. 

Place: University Club, Denver. Time: 7:30 p. m., third Saturday of each month, 
October to May, inclusive. 


Connecticut State Mepicat Society, SECTION ON Eye, Ear, 
NosE AND THROAT 


President: Dr. Paul B. MacCready, 442 Temple St., New Haven. 
Secretary-Treasurer: Dr. W. H. Turnley, 1 Atlantic St., Stamford, Conn. 


Eye, Ear, Nose AND THROAT CLUB OF GEORGIA 


President: Dr. William O. Martin Jr., Doctors Bldg., Atlanta. 
Secretary-Treasurer: Dr. C. K. McLaughlin, 666 Cherry St., Macon. 


INDIANA ACADEMY OF OPHTHALMOLOGY AND OTO-LARYNGOLOGY 


President: Dr. W. E. Stewart, 721 Wabash Ave., Terre Haute. 
Secretary: Dr. Russell A. Sage, 23 E. Ohio St., Indianapolis. 
Place: French Lick. Time: First Wednesday in April. 


Iowa ACADEMY OF OPHTHALMOLOGY AND OTo-LARYNGOLOGY 
President: Dr. S. A. O’Brien, 1 N. Federal Ave., Mason City. 


Kansas STATE MeEpIcAL Society, SECTION ON OPHTHALMOLOGY AND 
OTOLARYNGOLOGY 


President: Dr. W. B. Granger, Emporia. 
Secretary: Dr. George F. Gsell, 911 Beacon Bldg., Wichita 2. 
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LovuISIANA-MISSISSIPPI OPHTHALMOLOGICAL AND OTOLARYNGOLOGICAL ,SOCIETY 


President: Dr. George S. Adkins, 121 N. President St., Jackson, Miss. 
Secretary-Treasurer: Dr. Edley H. Jones, 1301 Washington St., Vicksburg, Miss. 


MEDICAL SOCIETY OF THE STATE OF PENNSYLVANIA, SECTION ON 
Eye, Ear, Nos—E AND THROAT DISEASES 


Chairman: Dr. William T. Hunt Jr., 1205 Spruce St., Philadelphia 7. 
Secretary: Dr. Gabriel Tucker, 250 S. 18th St., Philadelphia 3. 


MICHIGAN STATE MeEpIcAL Society, SECTION OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 


Chairman: Dr. Edmond L. Cooper, 1553 Woodward Ave., Detroit 26. 
Secretary: Dr. Ralph H. Gilbert, 110 Fulton St. E., Grand Rapids. 


MINNESOTA ACADEMY OF OPHTHALMOLOGY AND OTOLARYNGOLOGY 


President: Dr. Karl C. Wold, 1051 Lowry Bldg., St. Paul 2. 
Secretary: Dr. William A. Kennedy, 372 St. Peter St., St. Paul 2. 
Time: Second Friday of each month from October to May. 


MontTANA ACADEMY OF OT0O-OPHTHALMOLOGY 


President: Dr. H. Casebeer, 44 W. Park Ave., Butte. 
Secretary: Dr. Fritz D. Hurd, 309 Medical Arts Bldg., Great Falls. 


NEBRASKA ACADEMY OF OPHTHALMOLOGY AND OTOLARYNGOLOGY 


President: Dr. W. Howard Morrison, 1500 Medical Arts Bldg., Omaha. 
Secretary-Treasurer: Dr. John Peterson, 1307 N St., Lincoln. , 


New Jersey STATE MeEpIcaAL Society, SECTION ON OPHTHALMOLOGY, 
OTOLOGY AND RHINOLARYNGOLOGY 
Chairman: Dr. C. W. Buvinger, 50 Washington St., East Orange. 
Secretary: Dr. Z. Laurence Griesemer, 1145 E. Jersey St., Elizabeth. 


New York State Mepicat Society, Eye, Ear, NosE AND 
THROAT SECTION 


Chairman: Dr. Maxwell D. Ryan, 660 Madison Ave., New York 21. 
Secretary: Dr. Thomas H. Johnson, 30 W. 59th St., New York. 


NortH CAROLINA Eye, Ear, Nos—E AND THROAT SOCIETY 


President: Dr. A. J. Ellington, 412 S. Spring St., Burlington. 
Secretary: Dr. J. A. Harrill, Bowman Gray School of Medicine, Winston-Salem. 
Place: Hendersonville. Time: Sept. 16-19, 1946. 


NortH Dakota ACADEMY OF OPHTHALMOLOGY AND OtT0o-LARYNGOLOGY 


President: Dr. E. D. Perrin, 221-5th St., Bismarck. 
Secretary-Treasurer: Dr. M. T. Lampert, Minot. 


OrEGON ACADEMY OF OPHTHALMOLOGY AND OTO-LARYNGOLOGY 
President: Dr. Wilfred Belnap, 833 S. W. 11th Ave., Portland. 


Secretary-Treasurer: Dr. C. W. Kuhn, 1020 S. W. Taylor St., Portland 5. 
Place: Good Samaritan Hospital, Portland. Time: Third Tuesday of each month. 


PENNSYLVANIA ACADEMY OF OPHTHALMOLOGY AND OTOLARYNGOLOGY 


President: Dr. Thomas F. Furlong Jr., 36 Parking Plaza, Ardmore. 
Secretary: Dr. Benjamin F. Souders, 143 N. 6th St., Reading. 
Time: Last week in April. 


| 
| 


256 ARCHIVES OF OPHTHALMOLOGY 


Ruopve IsLanp OPHTHALMOLOGICAL AND OTOLOGICAL SOCIETY 


Acting President: Dr. N. Darrell Harvey, 112 Waterman St., Providence. 

Secretary-Treasurer: Dr. Linley C. Happ, 124 Waterman St., Providence. 

Place: Rhode Island Medical Society, Library, Providence. Time: 8:30 p. m., 
second Thursday in October, December, February and April. 


South CaroLina Society OF OPHTHALMOLOGY AND OTOLARYNGOLOGY 


President: Dr. J. H. Stokes, 125 W. Cheves St., Florence. 
Secretary-Treasurer: Dr. Roderick Macdonald, 330 E. Main St., Rock Hill. 
Place: Hendersonville, N. C. Time: Sept. 16-19, 1946. 


TENNESSEE ACADEMY OF OPHTHALMOLOGY AND OTOLARYNGOLOGY 


President: Dr. George Burchfield, Maryville. 
Secretary-Treasurer: Dr. Sam H. Sanders, 1089 Madison Ave., Memphis. 


Texas OPHTHALMOLOGICAL AND OTo-LARYNGOLOGICAL SOCIETY 


President: Dr. F. H. Rosebrough, 603 Navarro St., San Antonio. 
Secretary: Dr. M. K. McCullough, 1717 Pacific Ave., Dallas. 


UtaH OPHTHALMOLOGICAL SOCIETY 
President: Dr. E. B. Fairbanks, 315 Medical Arts Bldg., Salt Lake City. 
Secretary-Treasurer: Dr. Dean Spear, 516 Boston Bldg., Salt Lake City. 


Place: University Club, Salt Lake City. Time: 7:00 p. m., third Monday of 
each month. 


Vircinia Society or OTo-LARYNGOLOGY AND OPHTHALMOLOGY 


President: Dr. Thomas E. Hughes, 1000 W. Grace St., Richmond. 
Secretary-Treasurer: Dr. Francis H. McGovern, 105 S. Union St., Danville. 


Vircinita STATE Mepicat AssociaATION, Eve, Ear, Nose AND 
THROAT SECTION 
President: Dr. George Traugh, 309 Cleveland Ave., Fairmont. 
Secretary: Dr. Welch England, 621% Market St., Parkersburg. 


LOCAL 
AKRON ACADEMY OF OPHTHALMOLOGY AND OTOLARYNGOLOGY 


President: Dr. E. L. Mather, 39 S. Main St., Akron, Ohio. 
Secretary-Treasurer: Dr. V. C. Malloy, 2d National Bank Bldg., Akron, Ohio. 
Time: First Monday in January, March, May and November. 


ATLANTA Eye, Ear, Nose aNnp THROAT SOCIETY 


President: Dr. B. M. Cline, 153 Peachtree St. N. E., Atlanta, Ga. 

Secretary: Dr. Lester A. Brown, 815 Doctors Bldg., Atlanta, Ga. 

Place: Academy of Medicine. Time: 7:30 p. m., fourth Monday of each month 
from October to May. 


Battimore Mepicat Society, SECTION ON OPHTHALMOLOGY 


Chairman: Dr. Jonas Friedenwald, 1212 Eutaw P1., Baltimore. 

Secretary: Dr. Fred Reese, 330 N. Charles St., Baltimore 1. 

Place: Medical and Chirurgical Faculty, 1211 Cathedral St. Time: 8:30 p. m, 
fourth Thursday of each month from October to March. 
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BIRMINGHAM Eye, Ear, NosE AND THROAT CLUB 
President: Each member, in alphabetical order. 
Secretary: Dr. W. Chunn Parsons, 425 Woodward Bldg., Birmingham, Ala. 
Place: Tutwiler Hotel. Time: 6:30 p. m., second Tuesday of each month, Sep- 
tember to May, inclusive. 


BROOKLYN OPHTHALMOLOGICAL SOCIETY 
President: Dr. Benjamin C. Rosenthal, 140 New York Ave., Brooklyn. 
Secretary-Treasurer: Dr. Louis Freimark, 256 Rochester Ave., Brooklyn 13. 
Place: Kings County Medical Society Bldg., 1313 Bedford Ave. Time: Third 
Thursday in February, April, May, October and December. 


BuFFALo OPHTHALMOLOGIC CLUB 
President: Dr. William H. Howard, 389 Linwood Ave., Buffalo 9. 


Secretary-Treasurer: Dr. Sheldon B. Freeman, 196 Linwood Ave., Buffalo 9. 
Time: Second Thursday of each month from October to May. 


CHATTANOOGA SOCIETY OF OPHTHALMOLOGY AND OTOLARYNGOLOGY 
President: Each member, in alphabetical order. 
Secretary: Dr. Douglas Chamberlain, Chattanooga Bank Bldg., Chattanooga, Tenn. 
Place: Mountain City Club. Time: Second Thursday of each month from 
September to May. 


CHICAGO OPHTHALMOLOGICAL SOCIETY 
President: Dr. W. A. Mann, 30 N. Michigan Ave., Chicago 2. 
Secretary: Dr. J. R. Fitzgerald, 3215 W. North Ave., Chicago. 
Place: Continental Hotel, 505 N. Michigan Ave. Time: Third Monday of each 
month from October to May. 


Cincinnati GENERAL HospiraL OPHTHALMOLOGY STAFF 

Chairman: Dr. D. T. Vail, 441 Vine St., Cincinnati. 

Secretary: Dr. A. A. Levin, 441 Vine St., Cincinnati. 

Place: Cincinnati General Hospital. Time: 7:45 p. m., third Friday of each month 
except June, July and August. 


CLEVELAND OPHTHALMOLOGICAL CLUB 


Chairman: Dr. M. Paul Motto, Rose Bldg., Cleveland. 
Secretary: Dr. H. H. Wygand, 624 Guardian Bldg., Cleveland. 
Time: Second Tuesday in October, December, February and April. 


CoLLece oF PHYSICIANS, PHILADELPHIA, SECTION ON OPHTHALMOLOGY 


Chairman: Dr. Burton Chance, 317 S. 15th St., Philadelphia. 
Clerk: Dr. George F. J. Kelly, 37 S. 20th St., Philadelphia. 
Time: Third Thursday of every month from October to April, inclusive. 


CoLuMBUS OPHTHALMOLOGICAL AND OTO-LARYNGOLOGICAL SOCIETY 


Chairman: Dr. M. Goldberg, 328 E. State St., Columbus, Ohio. 

Secretary-Treasurer: Dr. W. J. Miller, 21 E. State St., Columbus, Ohio. 

Place: University Club. Time: 6:15 p. m., first Monday of each month, from 
October to May, inclusive. 


Corpus Curistt Eye, Ear, Nos—E aND THROAT SOCIETY 


Chairman: Dr. L. W. O. Janssen, 710 Medical Professional Bldg., Corpus Christi, 
Texas. 

Secretary: Dr. F. B. Kelly, 519 Medical Professional Bldg., Corpus Christi, Texas. 

Time: 6:30 p. m., third Tuesday of each month from October to May. 
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DALLAS ACADEMY OF OPHTHALMOLOGY AND OT0-LARYNGOLOGY 


President: Dr. Speight Jenkins, 1719 Pacific Ave., Dallas, Texas. 

Secretary: Dr. L. Darrough, Dallas Medical and Surgical Clinics, Dallas, Texas. 

Place: Dallas Athletic Club. Time: 6:30 p. m., first Tuesday of each month 
from October to June. The November, January and March meetings are 
devoted to clinical work. 


Des Moines ACADEMY OF OPHTHALMOLOGY AND OTOLARYNGOLOGY 


President: Dr. H. I. McPherrin, 406-6th Ave., Des Moines, Iowa. 
Secretary-Treasurer: Dr. C. C. Jones, Bankers Trust Bldg., Des Moines, Iowa. 
Time: 7:45 p. m., fourth Monday of every month from September to May. 


Detroir OPHTHALMOLOGICAL CLUB 


Chairman: Members rotate alphabetically. 

Secretary: Dr. Wesley G. Reid, 974 Fisher Bldg., Detroit 2. 

Place: Club rooms of Wayne County Medical Society. Time: First Monday of 
each month, November to April, inclusive. 


OPHTHALMOLOGICAL SOCIETY 


President: Dr. Bruce Fralick, 201 S. Main St., Ann Arbor, Mich. 

Secretary: Dr. William S. Gonne, 619 David Whitney Bldg., Detroit 26. 

Place: Club rooms of Wayne County Medical Society. Time: 6:30 p. m., third 
Thursday of each month from November to April, inclusive. 


EASTERN New YorkK Eye, Ear, Nos— AND THROAT ASSOCIATION 


President: Dr. Frank C. Furlong, 713 Union St., Schenectady. 
Secretary-Treasurer: Dr. E. Martin Freund, 762 Madison Ave., Albany. 
Time: Third Wednesday in October, November, March, April, May and June. 


Fort WortH Eye, Ear, Nose AND THROAT SOCIETY 


President: Dr. C. R. Lees, 602 W. 10th St., Fort Worth 2, Texas. 

Secretary-Treasurer: Dr. Van D. Rathgeber, 1305 Medical Arts Bldg., Fort 
Worth, Texas. 

Place: Medical Hall, Medical Arts Bldg. Time: 7:30 p. m., first Friday of each 
month except July and August. 


Houston AcADEMY OF MEDICINE, OPHTHALMOLOGICAL AND 
OrTo-LARYNGOLOGICAL SECTION 
President: Dr. J. Matt Robison, 1304 Walker Ave., Houston, Texas. 
Secretary: Dr. John H. Barrett, 1304 Walker Ave., Houston, Texas. 
Place: River Oaks Country Club. Time: 6:30 p. m., second Thursday of each 
month from October to June. 


INDIANAPOLIS OPHTHALMOLOGICAL AND OTOLARYNGOLOGICAL SOCIETY 


President: Dr. J. Jerome Littell, 603 Hume Mansur Bldg., Indianapolis. 

Secretary: Dr. J. Lawrence Sims, 23 E. Ohio St., Indianapolis. 

Place: Indianapolis Athletic Club. Time: 6:30 p. m., second Thursday of each 
month from November to May. 


Kansas City Society oF OPHTHALMOLOGY AND OT0o-LARYNGOLOGY 


President: Dr. Edgar Johnson, 906 Grand Ave., Kansas City, Mo. 

Secretary: Dr. W. E. Keith, 1103 Grand Ave., Kansas City, Mo. 

Time: Third Thursday of each month from October to June. The November, 
January and March meetings are devoted to clinical work. 
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Lone Beacu Eye, Ear, AND THROAT SOCIETY 
Chairman: Dr. Francis Carl Hertzog, 117 E. 8th St., Long Beach, Calif. 
Secretary-Treasurer: Dr. Robert G. Thornburgh, 117 E. 8th St., Long Beach, Calif. 
Place: Seaside Hospital. Time: Last Wednesday of each month from October to 

May. 
Los ANGELES SOCIETY OF OPHTHALMOLOGY AND OTOLARYNGOLOGY 

President: Dr. A. R. Robbins, 1930 Wilshire Blvd., Los Angeles. 
Secretary-Treasurer: Dr. K. C. Brandenburg, 110 Pine Ave., Long Beach 2, Calif. 


Place: Los Angeles County Medical Association Bldg., 1925 Wilshire Blvd. Time: 
6:30 p. m., fourth Monday of each month from September to May, inclusive. 


LouIsviILLE Eye AND Ear SOcIETYy 
President: Dr. Joseph S. Heitger, Heyburn Bldg., Louisville, Ky. 
Secretary-Treasurer: Dr. J. W. Fish, 321 W. Broadway, Louisville, Ky. 
Place: Brown Hotel. Time: 6:30 p. m., second Thursday of each month from 
September to May, inclusive. 


Lower ANTHRACITE Eye, Ear, Nos—E AND THROAT SOCIETY 


Chairman: Each member in alphabetical order. 
Secretary: Dr. James J. Monohan, 31 S. Jardin St., Shenandoah, Pa. 


MeEpIcAL SocIETY OF THE District oF COLUMBIA, SECTION OF 
OPHTHALMOLOGY AND OTOLARYNGOLOGY 
Chairman: Dr. P. S. Constantinople, 1835 I St. N. W., Washington. 
Secretary: Dr. Frazier Williams, 1801 I St. N. W., Washington. 
Place: 1718 M St. N. W. Time: 8 p. m., third Friday of each month from October 
to April, inclusive. 


MEMPHIS SocIETY OF OPHTHALMOLOGY AND OTOLARYNGOLOGY 
Chairman: Each member, in alphabetical order. 
Secretary: Dr. Sam H. Sanders, 1089 Madison Ave., Memphis, Tenn. 
Place: Eye Clinic of Memphis Eye, Ear, Nose and Throat Hospital. Time: 8 p. m., 
second Tuesday of each month from September to May. 


MILWAUKEE OtT0-OPHTHALMIC SOCIETY 
President: Dr. Ralph T. Rank, 238 W. Wisconsin Ave., Milwaukee. 
Secretary-Treasurer: Dr. Frank G. Treskow, 411 E. Mason St., Milwaukee 2. 
Place: University Club. Time: 6:30 p. m., fourth Tuesday of each month from 
October to May. 


MontcoMery County MEDICAL SocIETY 
Chairman: Dr. H. V. Dutrow, 1040 Fidelity Medical Bldg., Dayton, Ohio. 
Secretary-Treasurer: Dr. Maitland D. Place, 981 Reibold Bldg., Dayton, Ohio. 
Place: Van Cleve Hotel. Time: 6:30 p. m., first Tuesday of each month from 
October to June, inclusive. 


MONTREAL OPHTHALMOLOGICAL SOCIETY 


President: Dr. J. Rosenbaum, 1396 Ste. Catherine St. W., Montreal Canada. 
Secretary: Dr. L. Tessier, 1230 St. Joseph Blvd. E., Montreal, Canada. 
Time: Second Thursday of October, December, February and April. 


NASHVILLE ACADEMY OF OPHTHALMOLOGY AND OTOLARYNGOLOGY 


Chairman: Dr. M. M. Cullom, 700 Church St., Nashville, Tenn. 

Secretary: Dr. R. E. Sullivan, 432 Doctors Bldg., Nashville 3, Tenn. 

Place: James Robertson Hotel. Time: 6:30 p. m., third Monday of each month 
from October to May. 
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New OrLEANS OPHTHALMOLOGICAL AND OTOLARYNGOLOGICAL SOCIETY 


President Dr. W. B. Clark, 1012 American Bank Bldg., New Orleans. 

Secretary: Dr. Mercer G. Lynch, 1018 Maison Blanche Bldg., New Orleans. 

Place: Louisiana State University Medical Bldg. Time: 8 p. m., second Tuesday 
of each month from October to May. 


New York ACADEMY OF MEDICINE, SECTION OF OPHTHALMOLOGY 


Chairman: Dr. Brittain F. Payne, 17 E. 72d St., New York 21. 
Secretary: Dr. Milton Berliner, 57 W. 57th St., New York. 
Time: 8:30 p. m., third Monday of every month from October to May, inclusive. 


New York Society ror CLINICAL OPHTHALMOLOGY 


President: Dr. Benjamin Friedman, 6 W. 77th St., New York. 

Secretary: Dr. Benjamin Esterman, 983 Park Ave., New York 28. 

Place: New York Academy of Medicine, 2 E. 103d St. Time: 8 p. m., first Monday 
of each month from October to May, inclusive. 


OKLAHOMA City ACADEMY OF OPHTHALMOLOGY AND OTOLARYNGOLOGY 


President: Dr. S. R. Shaver, 117 N. Broadway, Oklahoma City. 

Secretary: Dr. William Mussil, Medical Arts Bldg., Oklahoma City. 

Place: University Hospital. Time: Second Tuesday of each month from Sep- 
tember to May. 


OMAHA AND CounciL BLuFFs OPHTHALMOLOGICAL AND 
Orto-LARYNGOLOGICAL SOCIETY 
President: Dr. A. A. Steinberg, 1502 Farnam St., Omaha. 
Secretary-Treasurer: Dr. W. Howard Morrison, 1500 Medical Arts Bldg., Omaha 2. 
Place: Omaha Club, 20th and Douglas Sts. Omaha. Time: 6 p. m. dinner; 7 p. m. 
program; third Wednesday of each month from October to May. 


PassAIc-BERGEN OPHTHALMOLOGICAL CLUB 


President: Dr. Thomas Sanfacon, 340 Park Ave., Paterson, N. J. 

Secretary-Treasurer: Dr. J. Averbach, 435 Clifton Ave., Clifton, N. J. 

Place: Paterson Eye and Ear Infirmary. Time: 9 p. m., last Friday of every 
month, except June, July and August. 


PHILADELPHIA County Society, Eye Section 


President: Dr. L. Waller Winckler, Philadelphia. 
Secretary: Dr. Robert T. M. Donnelly, 255 S. 17th St., Philadelphia. 
Time: First Thursday of each month from October to May. 


. PITTSBURGH OPHTHALMOLOGICAL SOCIETY 


President: Dr. Clarence F. Bernatz, Park Bldg., Pittsburgh. 

Secretary: Dr. Robert J. Billings, Park Bldg., Pittsburgh. 

Place: Pittsburgh Academy of Medicine Bldg. Time: Fourth Monday of each 
month, except June, July, August and September. 


Reapinc Eye, Ear, Nose AND THROAT SOCIETY 


President: Dr. Claude W. Bankes, 212 N. 6th St., Reading, Pa. 

Secretary: Dr. Paul C. Craig, 232 N. 5th St., Reading, Pa. 

Place: Wyomissing Club. Time: 6:30 p. m., third Wednesday of each month 
from September to July. 
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RicHMonpD Eye, Ear, Nose anp TuHroat Society 


President: Dr. Luther C. Brawner, Professional Bldg., Richmond, Va. 

Secretary: Dr. Clifford A. Folkes, Professional Bldg., Richmond, Va. 

Place: Westmoreland Club. Time: 6 p. m., second Monday of each month from 
October to May. 


Rocuester Eye, Ear, Nos—E AND THROAT SOCIETY 


President: Dr. Frank Barber, 75 S. Fitzhugh St., Rochester, N. Y. 
Secretary-Treasurer: Dr. Charles T. Sullivan, 277 Alexander St., Rochester, N. Y. 


St. Louris OPHTHALMIC SOCIETY 


President: Dr. A. Lange, 3903a Olive St., St. Louis. 

Secretary: Dr. William Kleinberg, Frisco Bldg., St. Louis. 

Place: Oscar Johnson Institute. Time: Fourth Friday of each month from October 
to April, inclusive, except December, at 8:00 p. m. 


San ANTONIO OPHTHALMO-OTO-LARYNGOLOGICAL SOCIETY 


President: Dr. Belvin Pritchett, 705 E. Houston St., San Antonio 5, Texas. 

Secretary-Treasurer: Lt. Col. John L. Matthews, AAF School of Aviation Medi- 
cine, Randolph Field, Texas. 

Place: San Antonio, Brooke General Hospital, Randolph Field or San Antonio 
Aviation Cadet Center. Time: 7 p. m., second Tuesday of each month from 
October to May. 


San Francisco County Mepicat Society, SECTION on Eye, 
Ear, AND THROAT 


Chairman: Dr. C. B. Cowan, 490 Post St., San Francisco. 

Secretary: Dr. D. Harrington, 384 Post St., San Francisco. 

Place: Society's Bldg., 2180 Washington St., San Francisco. Time: Fourth 
Tuesday of every month except June, July and December. 


SHREVEPORT Eye, Ear, Nos— AND THROAT SOCIETY 


President: Dr. David C. Swearingen, Slattery Bldg., Shreveport, La. 

Secretary-Treasurer: Dr. Kenneth Jones, Medical Arts Bldg., Shreveport, La. 

Place: Shreveport Charity Hospital. Time: 7:30 p. m., first Monday of every 
month except July, August and September. 


SPOKANE ACADEMY OF OPHTHALMOLOGY AND OTO-LaRYNGOLOGY 


President: Dr. Clarence A. Veasey Sr., 421 W. Riverside Ave., Spokane, Wash. 

Secretary: Dr. Clarence A. Veasey, 421 W. Riverside Ave., Spokane, Wash. 

Place: Spokane Medical Library. Time: 8 p. m., fourth Tuesday of each month 
except June, July and August. 


Syracuse Eye, Ear, Nose AND THROAT SOCIETY 


President: Dr. A. H. Rubenstein, 713 E. Genesee St., Syracuse, N. Y. 

Secretary-Treasurer: Dr. I. H. Blaisdell, 713 E. Genesee St., Syracuse, N. Y. 

Place: University Club. Time: First Tuesday of each month except June, July 
and August. 


Torepo Eyre, Ear, Nose AND THROAT SOCIETY 


Chairman: Dr. W. W. Randolph, 1838 Parkwood Ave., Toledo 2, Ohio. 
Secretary: Dr. John L. Roberts, 316 Michigan St., Toledo, Ohio. 
Place: Toledo Club. Time: Each month except June, July and August. 
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Toronto ACADEMY OF MEDICINE, SECTION OF OPHTHALMOLOGY 


Chairman: Dr. R. G. C. Kelly, 14 Lynwood Ave., Toronto 5, Canada. 
Secretary: Dr. Alfred Elliott, 802 Medical Arts Bldg., Toronto 5, Canada. 


Place: Academy of Medicine, 13 Queens Park. Time: First Monday of each 
month, November to April. 


WasuincTon, D. C., OPHTHALMOLOGICAL SOCIETY 


President: Dr. Harold M. Downey, 1740 M St. N. W., Washington, D. C. 

Secretary-Treasurer: Dr. Richard W. Wilkinson, 1408 L St. N. W., Washington, 

Place: Medical Society of District of Columbia Bldg., 1718 M St. N. W., Wash- 


ington, D. C. Time: 7:30 p. m., first Monday in November, January, March 
and May. 


WILKES-BARRE OPHTHALMOLOGICAL SOCIETY 
Chairman: Each member in turn. 
Secretary: Dr. Samuel T. Buckman, 70 S. Franklin St., Wilkes-Barre, Pa. 


Place: Office of chairman. Time: Last Tuesday of each month from October 
to May. 
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